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1 ,) l I 
Abstract 
It is important to emphasize with the advance of biotechnology and increased global 
exchange of animals and animal products, the risks of introducing adventitious 
infections. Previous studies of specitic-pathogen-free mouse colonies have identified 
the presence of infectious agents in 10-35% of research institutions investigated. 
Prevalence was higher among non-SPF mice with pinworm reported in 70% of 
institutions housing rodents under these conditions. Pinworm, a gastrointestinal (GI) 
nematode is commonly found in laboratory animals. The direct transmission of the 
parasite by contaminated food, water and bedding result in their continual rc-exposure 
to the host, making the control of pinworm in animal holdings quite diffIcult. 
/');phacia obvelala, mouse pinworm, has been shown to interfere with research goals 
in several experimental models. In this study, we show the consequence of a pinworm 
outbreak in a transgenic barrier facility and define the immune response elicited in 
BALB/c mice. Infection with ..s', ohvelala induced a transient Th2-type immune 
response with elevated cytokine production and parasite-specific JgG 1. In contrast, 
HALBlc mice, deficient for IL-13, lL-4/13 or IL-4Ra showed chronic disease with 
more than lOO-fold higher parasite burden, increased IFN-y production, parasite-
specific IgG2b and a default 1'h2 response. Notably, infected lL-4'/' BALB/c mice 
showed only slight elevated parasite burden compared to controls, suggesting that IL-
13 plays the dominant role in the control of S. obvelata. Furthermore, no significant 
eosinophilia, mastocytosis or goblet cell hyperplasia was induced. 
In a well-established ovalbumin (Ova) anaphylaxis model, we show that mice infected 
with S. obvelata induce a more severe anaphylactic reaction, with consistently greater 
temperature decline than their non-infected counterparts. Analysis of spleen cells 
further revealed a marked reduction of Ova-specific Th2 cytokines, highlighting the 
importance of pinworm free experimental mice. 
Finally, we generated anti-So obvelata antibody to optimize the detection ELISA and 











In conclusion, we identify the T helper immune response induced to S. obvelata and 
demonstrate the importance of IL-13 for the expulsion of the GI nematode. We show 
that S. obvelata induces a non-protective immune response to a common food allergen 
and confirm that the pinworm-specific ELISA is an effective diagnostic tool for 











1. After observing some irregularities in experiments from mice housed in one of our 
conventional animal t~lcilities, we isolated a gastrointestinal nematode, Syphacia sp. 
In this study, we aimed to optimize the isolation or the GJ nematode, identify the 
species and determine the immune response induced in mice infected. 
2. Determine whether infection with the Syphacia species influence non-related 
experimental disease models, using a well established food allergy model (ovalbumin). 
3. ESlablish an optimal detection system to identify the Syphacia species early in mice 
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Vertebrates have an extensive immune system that has evolved to defend the host 
against a spectrum of diseases, many of which arise from infectious agents such as 
bacteria, viruses and parasites. Parasit($ include protozoa and helminths, the latter of 
which infect billions of people worldwide but are of particular concern in developing 
countries. Gastrointestinal (Gf) nematodes, one of the most commonly acquired 
helminth infections, are prevalent in communities where poverty and low sanitation is 
present. Individuals living in endemic areas and under these condition often harbor 
more than one species of parasite throughout their lives. In these communities, 
children are the most vulnerable as recurring infections at an early age have been 
associated with stunted growth, slow mental development and malnutrition, and 
should therefore be the target of control programs. 
In this study, we addressed the immune response to a rapidly spreading intestinal 
ncmatode, pinworm. The human species, Enterobius vermicuiaris, is widely 
recognized as a common parasite of the intestine, with disease causing severe pruritus 
(intense itching sensation) that may lead to secondary bacterial infections. S);phucia 
ohvelala. the mouse species investigated in our model is a frequent contaminant of 
hoth specific pathogen free and conventional animal facilities. Although the immune 
response induced by this GI nematode had not been described before, concurrent 
infections with the worm have been shown to interfere with research goals in several 
experimcntal models. 
In this study, we show the consequence of a pinworm outbreak in a transgenic barrier 
facility and define immune response induced by the infection in BAl,Blc mice. 
Infection with S. obvelata induced a transient Th2-type immune response with 
elevated IL-4, lL-5, IL-9, 1L-1 a and JL-13 cytokine production and parasite-specilic 
IgG1. 1n contrast, BALB/c mice, deficient fiJr IL-13, 11,-4113 or IL-4Ra showed 
chronic disease with more than lOa-fold higher parasite burden, increased IFN-y 
production, parasite-specific IgG2b and a default Th2 response. Interestingly, infected 











controls, suggesting that IL-l3 plays the dominant role in the control of S. obvelafa. 
No significant eosinophilia, mastocytosis or goblet cell hyperplasia was induced 
suggesting that none of these effector mechanisms dominant at expelling the 
nematode. In conclusion, we describe for the first time, the T helper immune response 














1.2.1 The immune system 
The immune system is an advanced network that protects vertebrates from invading 
pathogens and other foreign molecules 1,2. In response to an infection, a cascade of 
specific and complex pathways are induced, the collective purpose of which is to 
neutralize and ultimately eliminate foreign materiaL while strictly discriminating and 
tolerating self-structures. Each response is a unique sequence of events, shaped by the 
nature of the challenge 2, The immune system consists of two lines of defense 
namely; innate immunity and adaptive immunity. 
1.2.1.1 Innate immunity 
The innate immune system can be subdivided into the following: 
(a) Biological barriers (inflammation, phagocytosis), 
(b) Chemical barriers (enzymatic action, interferons, beta-lysin, fibronectin, 
complement), 
(c) General barriers (fever), and 
(d) Physical barriers (skin, mucous membrane) 
Entry of infectious material into the hosl induces the production of proinflammatory 
cytokines (IFN-y, IL-J 2, TNF-a) that activate macrophages and dendritic cells 
(,professional' phagocytic cells). These cells identify the invaders and co-operate to 
destroy foreign materiaL As antigen presenting cells (APC) they concentrate J(xeign 
material into specialized lymphoid tissues (lymph nodes and spleen) for recognition 











1.2.1.2 Adaptive immunity 
An adaptive or specific immune response is much slower than and dependent on 
innate immune response for antigen presentation of potential pathogens. Importantly, 
it has the ability to remember previously encountered infectious material and respond 
more e1Ticiently upon further exposure. The pivotal players of this immune response 
are lymphocytes. 
Lymphocytes are small, non-phagocytic cells that lack stainable cytoplasmic granules 
and are found in lymphatic tissues (lymph nodes, spleen, liver) 2. They are 
characterized by their restricted range of receptors, which allow each cell to respond 
to an individual antigen (specificity), and respond through clonal proliferation of long 
living memory cells. These cells undergo continuolls recirculation from tissues into 
the bloodstream, enabling a rapid memory response, following re-exposure to the 
antigen distributed throughout the body 3. 
Undifferentiated lymphocytes are derived from bone marrow progenitor cells 
(hemopoietic stem cells) 2 and mature into the three major subpopulations of an 
adaptive immune response: the T, B and null cells. 
T lymphocYles (T cells) migrate in their umliffcrentiated form to the thymus where a 
selected population of 5% matures. They undergo special processing followed by a 
selection to become one of the f()tlf principle T cell types. These are: (a) Inducer T 
cells which oversee the development ofT cells in the thymus, (b) helper T cells (Th), 
that initiate any response, (c) cytotoxic T cells, to eliminate host cells that have been 
infected, and (d) suppressor T cells, which terminate an immune response 4. 
B (vmphocytes (B cells) differentiate in the fctal liver and adult bone marrow and are 
distributed from these tissues by blood and lymph. Tn peripheral lymphoid tissues. B 
cell populations are heterogeneous, distinguished by the di fferent cell surface 
molecules they express. Part of their heterogeneity results from B-cell maturation in 











detained in T cell areas and may be activated to proliferate by appropriate Th cells. 
Some of these activated B cells differentiate illto plasma cells while others migrate to 
a nearby lymphoid follicle where they establish germinal centers. :Here, the activated 
B cells undergo intense proliferation and optimization of receptor binding to produce 
cell s with a higher affinity for the stimulating antigen 5. 
Null cells are the third subpopulation of cells, and resemble lymphocytes but lack the 
characteristics of ']' and B cell markers. These cells are distinguished by the presence 
or cytoplasmic granules, and it is currently believed that they consist of early T and B 
cells, monocytes, natural killer cells (NK) and antibody~dependent cytotoxic T-cells 
(ADCC) 2,1. Although very liHle is known about the functions of these cells, they are 
thought to be involved in tumor, virus and parasite immunity 3. 
1.2. t.3 Antigen recognition 
Antigen are molecules specifically recognized by the adaptive elements of the 
immune system that is B cells, T cells or both 6. Antibodies which recognize and react 
with antigens are specialized glycoproteins produced either as a B cell receptor (Fig, 
1.1) or as secreted molecules I, T cell receptors (TCR) exists only as an integral 
membrane protein I. 'The specialized glycoproteins of B cells have common structural 
features that are produced by gene recombination, a complex regulated gene 
translocation mechanism that results in one antigen binding specificity on each cell 
(I.e. each secreted antibody or B cell recognizes and respond to a unique antigen). 
This mechanism results in a repertoire of diverse antibody/receptor that can 
distinguish over 107 antigenic epitopes (restricted part of the antigen). For that reason, 
there might be several difTerent antibodies for a given pathogen, each binding to a 
dilTercnt antigen on that pathogen's surface. Furthermore, a particular antigen could 












J .2.1.3.1 B-cell receptors 
B cells are defined by the presence of surface immunoglobulins (Ig). These molecules 
are constitutively produced and consist of an extracellular region, which reacts with 
the antigen, an anchor which binds the receptor in the cell membrane, and a 
cytoplasmic part, through which the receptor transmits signals into the cell 7. The 
majority of human B cells in the peripheral blood express IgM and IgD isotype 
antibody on their sur1'ace. The antigen binding sites ofreceptor (lgM and IgD isotype) 
are identical and have the same binding specificity as the antibody produced by the 
cell 8. When Jg associates with other molecules on the B ceB surface, they form the 
'8-cell antigen receptor complex' (BCR). These 'accessory' molecules consist of 
disulphide-bonded hcterodimers of {gc:x (CD79a) and Ig~ (CD79b). They interact with 
the transmembrane segments of the Ig receptor and are involved with cellular 
activation (Lydyard, 2001 #16). 
1.2.1.3.2 T-cell receptors 
Two distinct types of T-cell antigen receptors exist; one, a hcterodimer of 2 
disulphide-linked polypeptides (ex and p); the other, a structurally similar molecule but 
composed of y and 8 polypeptides 8. Both receptors are associated with a set of 5 
polypeptides, the CD3 complex, and togcther form the T-cell reccptor (TCR:CD3 
complex; Fig. ].1). 
1.2.1.3.2.1 apT cells 
(x(3T cells account for 90-95% of blood circulating T cells and arc further subdivided 
il1to 2 distinct non-overlapping populations. A subset defined by the CD4 marker and 
mainly 'hclps' or 'induces' immune responses and a subset carrying the CDS marker 
and is predominately cytotoxic. CD4+T cells are restricted to specifically recognize 
their antigen in association with Im~ior histocompatibility complex (MHC) class II 













1.2.1.3.2.2 yoI' cells 
The majority of intraepithelial lymphocytes OELs) are yoT cells expressing CD8, a 
marker not usually found on circulating yoT cells. However, these cells (CD8+ yoT 
cells) have a specific repol10ire of T-cell receptors biased towards certain 
bacterial/viral antigens and are believed to pLay an important role in protecting the 
mucosal surl~lces of the body. Some 
without the need for APC 8. 
1.2.1.4 Humoral immune response 
cells may recognize antigens directly, 
B cells secrete antibodies generally directed towards extracellular antigens (Fig. 1.2) 
. Once a B cell receptor recognizes and binds an antigen to which it is targeted, it 
begins to divide rapidly and its progeny differentiate into plasma and memory cells. 
Mature plasma cells have a well developed rough endoplasmic reticulum 
characteristic of cells producing protein for 'export' 9. They are miniature antibody 
l~lctorics potentially producing 2000 antibodies per second and have a life span of 5 
days (Fig.l.2). Memory 13 cells having an increased affinity for antigen ensure that re-
infection is dealt with swiftly 10. 
Antibodies are not capable of destroying pathogens in their own right, instead they act 
as activators and inducers of pathogen eliminating pathways, which include 
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Figure 1.1: Model receptors of the immunoglobulin (Ig) superfamily. The circles represent Ig 
domains. Membrane IgM represents a structural monomer of both a secretary and membrane Ig 
molecule. TCR-CD3 is the T-cell receptor with the co-receptor CD3. This figure has been adapted 
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Figure 1.2: Simplified diagram representing the sequence of events induced by a humoral and cell-













1.2.1.5 Cell-mediated immune response 
This lype of immune response reqUlres cell-cell interaction and is involved in 
immunity towards intracellular pathogens, graft rejection, chronic inflammation and 
tumors. T cells controlling these responses have specialized multi-chain receptor 
complexes (y, g, 11, 8, s chains) and cell surface markers (C02, VLA, LFA-l, CD28, 
Cf)4 andlor CDS) that recognize and bind antigens expressed by MHC molecules on 
the surface of infected host cells. In order to activate and allow clonal expansion of 
effector T cells, regulatory molecules known as cytokines have been shown to direct 
and drive the selection of e1Tector mechanisms. For example, interleukin-2 (I a T 
cell growth factor), IFN-y and TNF (TNF-a and Iymphotoxin), which are associated 
with immunity against intracellular parasites have been shown to activate 
macrophages, cytotoxic T cells (CTLs) and NK cells, with IL-3, 11.-4, fL-5, and IL-9 
important in the activation of mast cells, eosinophils and B cells associated with 
helminth parasites 13.14. 
These divergent pathways in the ellcctor mechanism are consistent with the 
production of different cytokines by CD4+ T cell subsets (T helper cells, Th). CD4' T 
cells can be sub-divided into Thl and Th2 cells (Fig. \.3) according to the cytokines 
they produce 15. Thl cells produce IL-2, IFN-y and TNF-(x and aid in the production 
of IgG2a and IgG2b from B cells. Th2 cells produce IL-4, IL-S, IL-6, IL-9, IL- J 0 and 
lL-13 while driving the production of JgG 1 and LgE antibodies 16-19. 
A second population of effector T cells, distinguished by their CDS' receptors is the 
Cytotoxic T Lymphocytes (CTL) 2. CTLs have evolved strategic mechanisms to 
eliminate malignant host cells. Acting synergistically with macrophages and NK 
cells, the CTLs secrete enzymes (perfortn and granzymes) that puncture holes III 
infected cells disrupting their osmotic balance causing cell lysis (Fig. 1.2). In 
addition, they produce Fas ligands, enhanced by the presence of TNF-(x, and directed 












Natural Killer cells account for up to 15% of the blood lymphocytes and express 
neither T-cell nor B-cell antigen receptors 8. They react against cells, which do not 
express MHC class I molecules, by recognizing alternative receptors. Upon 
activation, NK cells release IFN-y and other cytokines (e.g. IL-l and GM-CSF), 
which may be important in the regulation ofhaemopoiesis and immune responses II. 
IvJacrophages are phagocytic cells participating both in specific immunity via antigen 
presentation and IL-l production, and non-specific immunity against bacterial, viral, 
fungal, and neoplastic pathogens 20. They are derived from bone marrow stem cells 
and pass into the blood as monocytes 6 before migrating into tissue, and 
transforming into macrophages 21. Blood monocytes despite being considered as 
immature macro phages possess migratory, chemotactic, pinocytic and phagocytic 
activities, as well as receptors for IgG Pc-domains (FcyR) and iC3b complement 
Afler differentiating into mature macrophages, they participate non-specifically by 
internalizing pathogens subjecting them to toxic molecules and enzymes within the 
macrophage phagolysosome (phagosome fused lysosome). Pathogens that are 10 large 
to be internalized trigger the release of mediators from macrophages, which induce 
damage to pathogens within the extracellular environment 6. Consequently, this 
response also produces necrosis and inflammation. In addition, activated 
macrophages secrete TNF which ean also induce apoptosis. Thus, macrophages can 
induce necrosis, apoptosis or 11 combination of both depending on the state of 
activation and the target involved. 
More recently factors modulating the plethora of biological functions exhibited by 
macrophages have been investigated. The heterogeneity and state of activation of 
macrophages are well known to be intluenced by microbial antigens together with 
effector T cells, and their secretory products 22. The majority of our knowledge stems 
from classically activated macrophages, which are induced by proinflammatory 
molecules such as lipopolysaccharide (LPS) in a Th1 cytokine environment (IFN-y 
and TNF) and release inflammatory and/or microbicidal products 22. These cells are 
characterized by their high antigen-presenting efJiciency, ability to produce nitric 
oxide (NO), a protective response to destroy intracellular pathogens, combined with 











CD86. Classical macro phages also exert anti-proliferative and cytotoxic activities, 
with pathological consequences upon host tissue, as these activities result partly from 
their ability to secrete NO and pro-inflammatory cytokines (TNF, IL-l, 1L-6; (Noel, 
2004 #264). As a result, the development of an anti-inflammatory mechanism to 
attenuate excessive inflammation is critical to the immune system, to control infection 
yet limit tissue damage. 
Macrophages arising in a '1'h2 environment arc termed alterative macrophages, and 
express lhe macrophage mannose receptor, Arginase I, FIZZ-l and YM-l 23-25. Tn 
contrast, to classically activated macrophages, alternative activated macrophages are 
less ellicient at killing intracellular pathogens in mice, as they fail to generate NO 
Crom L-arginine 26. Alternative macrophages characteristically enhanced the 
expression of particular pattern recognition proteins. In humans, these macrophages 
specially express the anti-inilammatory 110-1 antagonist (lL-IRu), (L-l decoy 
receptor, alternative macrophage activation-associated CC chemokine-l (AMAC-l) 
27, macrophage-derived chemokinc (MDC) 2l!, and thymus and activation-regulated 
chemokine (TARe) 29. These receptors are believed to recruit Th2 cells through their 
interaction with CC chemokine receptor 4 (CCR4). In the murine model, Lhe genes 
FIZZ-I and YM-l are abundantly expressed during parasite infection. The expression 
levels of costimulatory molecules are similar for both activated macrophages (COlI a, 
CD40, CD54, CD58, CD80 and CD86) 30. However, alternative activated 
macrophages do exhibit enhanced endocytic and phagocytic ability, increased 
expression of MHC class II molecules and can perform antigen presentation 31. 
Alternative macrophages are antagonistically regulated by Th 1 cytokines and 
although it has not yet been demonstrated, alternatively activated macrophages have 
been speculated to downregulate inflammatory processes initiated by classically 
activated macrophages on the basis of secreting anti-inflammatory molecules such as 
1 L-l 0 and transforming growth factor [l (TG F-P) 22. IL-J 0 is known to have broad 
suppressive elTecls on macrophage cytokine production and costirnulatory molecule 
expression 23,27,32. It is imp0l1ant to note that the downreguJation of the inflammatory 
immune response might not be a general mechanism but might only hold true for Th 1 
cytokine driven inflammation. This is owing 10 increasing evidence indicating that 











pathology, as observed in Th2 cytokine controlled inflammatory diseases (e.g. 
allergies, gastric pathology, parasite infections). Evidently, alternatively activated 
macrophages have the ability to induce extracellular matrix synthesis which could 
play a role in wall thickening and is associated with pathological changes during 
allergic pulmnnary inflammation 33. 
The role of alternatively activated macrophages seems poised at downregulating the 
int1ammatory immune response with a minimal role if any at expelling nematodes. 
IL-4IlL I3-activated macrophages were shown not to be important for 
Nippos/ronf:,rylus hrasiliensi,,' expulsion H. This finding was corroborated by bone 
marrow reconstitution studies which demonstrated that hematopoietic cells do not 
mediate worm expulsion 35. Moreover, alternatively activated macrophages do not 
play an imp0l1ant role in Th2 cell development as Th2/type 2 responses were normal 
in N. brasiliensis and Schistosoma mansnoi infected mice lacking the IL-4/IL13-
activated macrophagcs (LysMcreILARcl-/flox mice). The unwavering of a protective 
Th2 immune response particularly IL-13 cytokine production, would explain the 
expulsion of the GI nematode, N. hrasiliensis. IL-13-dependent goblet cell 
hyperplasia expels the wonn 36, 
Other roles within helminth infections associated with alternatively activated 
macrophagcs include their recruitment in high numbers, which suggests that they are 
important effector cells, releasing molecules that target extracellular helminths and 
further promote the Th2 immune response n. Their repair of damaged tissue caused 
by large extracellular helminths is also an impot1ant function 37. 
Another non-lymphoid cytotoxic eftector cell is the eosinophil. Mature eosinophils 
characterized by their granules are only weakly phagocytic, with less eft1cient 
intracellular killing. Instead, they arc effective extracellular killing machines 
secreting various toxic granule constituents, following activation 38. The key 
components of the eosinophil granule protein include major basic protein (MBP), 
eosinophil peroxidase (EPO) and eosinophil cationic protein CECP). Their 
degranulation can be triggered in a number of ways, from the binding of IgG-coated 
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Helminths & Allergens 
Figure 1.3: T cell dichotomy in response to an infection, adapted from Mohrs et al 39 . IL-12 and IL-4 
induced Th 1 and Th2 development and their cytokine immune responses respectively. Thp, 
undifferentiated na'ive T cell; Th I, T helper I cell; Th2, T helper 2 cell; APC, antigen presenting cell; 
Vp4Va8, IL-4 producing T cell; IL, interleukin; Black, Green and Orange arrows indicate positive 













The activation of the immune system in response to invading pathogens, foreign 
antigen or tissue damage, is often accompanied by distinct alterations in neurological 
and endocrine functions 40. These systemic responses to injury and infection induce 
protective immunity orchestrating effector immune cells, including T and B 
lymphocytes, NK cells, macrophages, dendritic cclls and granulocytes I. The 
responses of these effector cells arc regulated by small glycosylated soluble 
polypeptides, called cytokines. Cytokines are intra-and-intercellular (autocrine and 
paracrine) communication molecules that are composed of members of the 
inlerleukin, interferon, TNF, growth factor (e.g. TGF-jJ), and hematopoietic colony-
stimulating factors (e.g. GM-CSF, G-CSF, and M-CSf) 41, To exert greater control 
on biological activities, cytokines may act on cells at a distance (endocrine) 
The ability of cytokines to exert their control on target cells depends on their binding 
to specific high affinity, cell surface receptors. Once bound to their receptors, 
cytokincs trigger intracellular signal cascades, which determine the nature of the 
immune response. Some responses of cytokines include increasing or decreasing 
expression of membrane proteins (including cytokine receptors), proliferation and 
secretion of effector molecules 42. These events have also been demonstrated in the 
superfumily of small structurally-related cytokines, termed chemokines. Chemokines 
are members of the a-subfamily of chemoattractant cytokines and playa major role in 
guiding lymphocytes and inflammatory ceUs to tissue sites 43. They respond by 
determining which cells will cross the endothelium, and where they will move within 
the tissue 44, 
Although cytokines are made by many cell populations, their predominate producers 
arc T helper cells and macrophages. Cytokines have a pleiotropic nature and are 
extremely potent at low (picomolar) concentrations 2. The largest group of cytokines 
are associated with stimulating immune cell proliferation and differentiation 42, 
Members belonging to this group include IL-I, which activates T cells; 11,-2, which 












stimulating proliferation and differentiation of B cells; fFN-y activates macrophages: 
and 11,-3, IL-7 and GM-CSF, which stimulates hematopoiesis 42. 
The multi-functional nature of cytokines result from their expreSSIOn of cognate 
receptors by different target cell types, each having distinct functions both within and 
outside the immune system. Many cytokines act through active multi-subunit receptor 
complexes that are frequently comprised of homodimer or heterodimer polypeptide 
subunits. Cytokines are divided into distinct groups depending their structure and 
sequence similarities of their cell-surface receptors. These are grouped into receptor 
families. 
1.2.1.6.1 Type I receptor family 
The largest Jamily of cytokine receptors, the llematopoietin family or Type I receptor 
superfamily is characterized by an extracellular region of structural homology approx. 
200 amino acids (aa) long. Generally this receptor has 2 subunits, one cytokine-
specilic and one signal transducing 42. Receptors of cytokines belonging to this family 
include IL-2, IL-3, lL-4, IL-5, IL-9 and GM-CSF 45. 
1.2.1.6.2 Type II receptor family 
'This family of related cytokine receptors form part of the immunoglobulin 
supcrfami ly. Receptors of all IFN types, as well as IL-IO and macrophage colony-
stimulating factor (M-CSF) belong to this family. 
1.2.1.6.3 Type III receptor family 
Expressed on all nucleated cells and referred to as the TNF receptor family, these 
receptors all have multiple cysteine-rich repeats of about 40aa in their extracellular 
domain. In addition, to receptors for TNF-a and TNF-~ (lymphotoxin) this lamily 
includes important molecules sllch as CD40 (impOttant for B ceJ] and macrophage 
activation, CD27 and the cell death signaling receptors Fas/CD95, DR4 and DRS) 












1.2.1.6.4 Type IV receptor family 
Representatives of this family include IL-J a and [3. The primary structure of tl1(~SC 
receptors shows little similarity, although both interact with the same cell surface 
receptors 46. Two subtypes of 1L-l receptors have been identified: a type r (80kDa) 
receptor predominately found on T cells, and a type II (60kDa) receptor expressed 
primarily on B cells and myeloid cells 47. The aa sequence of both receptors contain 3 
immunoglobulin-like motif's in their extracellular domains, categorizing these 
receptors into the Ig gene superfamily 48,49. The motifs share a common 3D structure 
and are thought to be involved in ligand binding. The 2 receptors differ considerably 
in their cytoplasmic domains 49 
1.2.1.6.5 Chcmokine receptors 
Chemokines bind to a class of receptors known as 7 transmembrane domain proteins. 
These are coupled to G nucleotide-binding proteins that cause cell activation. A few 
chemokine receptors arc specific recognizing and binding only a single ligand, while 
others respond to several ligands 45. Members of this family include CXCR3, CCR3, 














1.2.2.1 Parasite classification 
A symbiotic relationship may be distinguished on whether the association between 
the organisms involved is detrimental to one of the two partners. Commensalism 
defines a relationship that is beneficial to one partner and at least not disadvantageous 
to the other 50. Mutualism, a specialized type of commensalisms describes a 
relationship beneficial to both organisms. On the other hand, parasitism describes 11 
relationship in which one animal, the host, is to some degree injured through 
activities of another animal, the parasite. 
Parasites of humans are classified within the kingdom Animalia, which are separated 
into two subkingdoms, Protozoa and Metazoa. Protozoa comprises animals in which 
all life functions occur in 11 single cell, whereas Metazoa are multicellular animals in 
which life functions occur in cellular structures organized as tissue and organ 
systems. The animal parasites of human and most vertebrates are contained in several 
Im~jor subdivisions or phyla. Those containing organisms that parasitize man include 
the Protozoan subgroups; Sarcomastigophora, Ciliophora, Apicomplexa, Microspora; 
and the Metazoan subgroups; Platyhelminthes, Aschehninthes and Arthropoda 50, 
Their classification is based on factors pertaining to their mode of reproduction and 
type of locomotive organelle, as well as their morphology of intra-cytoplasmic 
structures such as the nucleus. 
1.2.2.1.1 Phylum Sarcomastigopho .. a 
This phylum is further divided into two subphyla: the Mastigophora or flagellates, 
and Sarcodina or amoebae. Reproduction in these organisms is asexual. 
1.2.2.1.1.1 Mastigophora 
Mastigophora move by means of specialized structures known as f1agella. A 












the orgamsm through J1uid environments. Examples of clinically significant 
flagellates include Giardia lamblia, Dienlamoebafragilis and Trichomonas vaginalis 
SI. Diseases produced by these organisms are primarily the result of mechanical 
irritation and inflammation 50. 
1.2.2. I. 1.2 Sarcodina 
The unicellular microorganisms belonging to this subphyla move by means of 
cytoplasmic protrusions called pseudopodia. Their lifecycle is relatively simple and 
divided into 2 stages: the active motile feeding stage (trophozoite) and the dormant, 
resistant stage (cyst) 51. With the exception of the pathogenic Entamoeba hi,';IO~Ylica, 
most amoebae found in humans are commensals 50. 
1.2.2.1.2 Phylum Ciliophora 
The ciliate group includes a variety of free-Hving and symbiotic species, with only the 
intestinal protozoan Balantidium coli pathogenic to humans. Disease produced by B. 
coli is a result of the organism's elaborate proteolytic and cytotoxic substances that 
mediate tissue invasion and intestinal ulceration 51. Locomotion in ciliates is 
accomplished by cilia, relatively short threads of cytoplasm arising from small basal 
granules5o • 
1.2.2.1.3 Phylum Apicomplexa 
Members of this phylum are tissue parasites, which have complex lifecycles with 
alternating sexual and asexual generations. Species belonging to this group include 4 
species of the blood parasites Plasmodium which cause malaria, species of 1<wspora, 
OJ!plo,~poridim, and Sarcocystis parasitic in the mucosa of the intestinal tract 50. Also 
belonging to this group is Toxoplasma gondii, a parasite detrimental during 
pregnancy. Toxoplasmosis within the first trimester results in spontaneous abortion, 











1.2.2.1.4 Phylum Microspora 
Tbesl; organisms are obligate intracellular pathogens. Microsporidia can be 
considered to be opportunistic parasites as they rarely cause disease 111 
immunocompetent persons, but may do so with greater frequency m 
immunosuppressed individuals. The parasites are characterized by the structure of 
their spores. which have a complex tubular extrusion mechanism used for injecting 
infective (sporoplasma) material into cells 52. Reproduction occurs by binary or 
multip1cllssion and by a process culminating in spore development. 
J .2.2.1.5 Phylum Platyhelminthes 
The Platyhelminthes, or flatworms, are multicellular organisms characterized by a 
flat, bilaterally symmetric body 50. With the exception of Schistosomes, Ilatworms are 
all hermaphroditic, having both maJe and female re roductive organs in the same 
individual. Most members of this phylum are symbionts, while free-living species 
belong to the class Turbellaria. Organisms belonging to the classes Trematoda and 
Cestoda are parasitic. 
1.2.2.1.5.1. Trematoda 
Trematoda or flukes are generallytlat, fleshy, leaf-shaped worms. They are equipped 
with two muscular suckers: an oral type, which is the beginning of an incomplete 
digestive system, and a ventral sucker, which is simply an organ of attachment 53. 
Flukes have complex lifecycles with at least one intermediate molluscan host (snails 
and clams). Schistosomes belonging to this class account for some 200 million 
infections worldwide with Schistosoma manSOi'll the most widespread in Africa. 
Intestinal schistosomiasis associated with this species, induce hepatic and intestinal 
abnormalities. Eggs deposited in the bowd mucosa results in inflammation and 
thickening of the bowel wall accompanied with abdominal pain, diarrhea, and blood 
in tbe stool. Chronic infection may result in eggs being deposited in the spinal cord 













Members of this class have elongated, ribbon-like, segmented bodies, and their heads 
arc equipped with a specialized attachment organ. the scolex. They have no digestive 
tract, absorbing food from their host's intestine through their soft body walls. 
Cestodes or tapeworms are all hermaphrodites. As adults, they inhabit the human 
intestine and have complex lifecycles involving intermediate hosts 53. Some 
medically important eestodes include; Taenia solium, Echinococcus granulosus, E. 
multilocularis and flymenoiepsis nana. 
1.2.2.1.6 Phylum Arthropoda 
Arthropods are segmented and bilaterally symmetrical animals with a body well 
protected by a chitinous exoskeleton bearing paired, jointed appendages. Their 
digestive system is well developed, and their sexes are separate. Members of this 
group have been responsible fiJr some of the most devastating plagues and famines 
known to mankind yet other species are essential for our existence providing us with 
food. clothing, medicines and protection of harmful organisms 54. Classes that are of 
medical importance include; 
1.2.2.1.6.1 Arachnida 
These spider-like animals have bodies divided into two parts, the cephalothorax and 
abdomen. Scorpions, spiders. ticks and mites are all included in this class. Ticks and 
mites may transmit disease. 
1.2.2.1.6.1.1 Ticks 
As disease transmitting arthropods, ticks are efficient vectors of bacteria, Viruses, 
rickettsiae, and protozoans, which they acquire when feeding on small mammals or 
birds 55. Major tick-borne diseases include Lyme boneliosis, and ehrlichiosis. The site 
or the tick bite is manifested with erythema migrans (rash). In chronic infections, 
patients may experience oligoarthritis (juvenile arthritis), debilitating dysfunction of 












1.2.2. /.6.1.2 Mites 
Scabies mites (Sarcoptes scabiei) infest human skin causmg severe itching and 
sometimes a generalized rash 55. They burrow under the skin, leaving tiny open sores 
and linear serpiginous burros (tracts) tilled with mites and their eggs. Transmission 
occur by close human-to-human contact with infected persons 55. 
1.2.2.1.6.2 Insecta 
Considered the most important of the arthropods, insects have three pairs of legs and 
a body divided into three distinct parts: head, thorax and abdomen. Mosquitoes, flies, 
beetles, ants, and bees are among a iew belonging to this class. They may be directly 
involved in causing invasive disease processes or indireetly as intermediate hosts and 
vectors of protozoan and metazoan parasites 57. 
1.2.2.1.6.2.1 Mosquitoes 
Mosiquito-borne diseases include malaria, yellow fever, dengue fever, filarisis, and 
numerous encephalitis viruses. The most prominent of these, malaria is caused by an 
infection with Plasmodiurn falciparum, P. vivax, P. ma/ariae or P. ovale all of which 
are transmitted to humans by the female mosquito of the Anopheles genus. The initial 
symptoms of the disease are non-specific and may start with headache, fatigue, 
abdominal discomfort and muscle ache followed by fever. Other symptoms include 
seizures, anaemia and enlargement of spleen and liver. 
1.2.2.1.6.2.2 Sandfly 
These insects are significant vectors of the disease agents of leishmaniasis, 
hartonellosis, and sandfly fever. Leishmania transmitted by the female sand nies of 
the genus Lutzomyia (America) and Phlebotomus (elsewhere) intect macrophages. 
Leishmaniasis are divided into 3 major clinical syndromes: cutaneous, mucosal, and 
visceral 58. 
1.2.2.1.6.2.3 Tsetse.!ly 
Human African trypanosomiasis, or sleeping sickness, IS caused by two 
morphologically identical subspecies of trypanosomes Trypanosoma brucei 











59. Acute symptoms include fever, headache, myalgia (muscle pain), and malaise 
(general state of discomfort). Chronic disease symptoms include somnolence and 
severe headache. If untreated the disease may progress to stupor and coma and 
ultimately death 59. 
1.2.2.1. 7 Phylum Aschelminthes 
1.2.2.1.7.1 Nematode 
~ematodes, or roundworms belonging to the class Nematoda. are the most easily 
recognizahle form of intestinal parasites because of their large size and cylindrical 
unsegmented hodies. They possess a stiff cuticle, which may be smooth or may be 
extended to lorm a variety of structures at the anterior and posterior ends. Parasites 
live primarily as adult worms or which a large number of species parasitize humans, 
animals, and plants. 
Gastrointestinal nematodes, soil-transmitted helminths are amongst the most 
prevalent worldwide with an estimated 3.5 billion cases, of which 450 million are 
individuals who are seriously ill as a result of chronic disease. Children account li)r 
the majority of these cases and of the estimated worldwide numbers, 44 million are 
prcgnant women infected with hookworms 60. Of the 342 helminth species that infect 
humans 61, the majority of which remain asymptomatic, the most importance species 
of medical significance are Ascaris /umbricoides (roundworms), Am:yZostoma 
duodenale and Necator american us (hookworms), Trichuris trichiura (whipworm), 
Enterobius vermicularis (pinworm) and Strongyloides stercoralis (threadworm) 62, 
The majority of people infected live in the developing world, with those living in 
rural areas and urban slums showing high risk most likely due to their environment 
These poverty strictened areas are overcrowded with poor housing and living 
conditions, a lack of adequate sanitation and hygiene, as well as poor education and 
health care facilities. In addition, warm and humid climatic conditions as are found in 
the tropics and sub-tropics favor Ol nematode survival with the exception of E. 












The six GJ nematodes of major medically importance, all have direct lifecycles ~ll1d 
are highly specific to humans with no animal reservoirs of infection for any of the 
species. With the exception of E. vermicu/aris, eggs and larva of the major nematodes 
all require a period of development in soil to become infective before transmission to 
humans 62. This requirement, combined with the similar geographical distribution of 
Gl nematodes, explain the high frequency of concurrent infections with multiple 
species. Despite being asymptomatic at low worm burdens multiple infections can 
exacerbate worm pathology 63. 
The lifecycles of the major Gt nematodes of humans are basically similar, although 
differences do exist. Adult worms reproduce sexually and mature females produce 
and release eggs into their immediate environment of the human intestine. From here, 
are usually passed into the external environment via human feces leading to the 
development of L 1 larvae within the eggs. Although difference in subsequent 
development f()lIows, most species' L I develop through four further stages (L2, L3, 
L4, pre-adult) with each stage preceded by a cuticular moult, and each moult causing 
an increase in parasite size. However, difference as to where and when these moults 
occur is species dependent. Similarly, the pre-adult worm development to mature 
adults, both within the host and the time for maturation to full stage fecund (egg 
laying) females diner between nematode species 63. 
Common complains with regard to heavy OJ nematode infections include diarrhea, 
abdominal pain and in the case of A. lumhricoides, obstruction of the gut 64»67, More 
serious consequences of these types of infections include anaemia and malnutrition. 
Anaemia is a typical concern in hookworm infections, but heavy 1'. trichiura 
infections have also been shown to cause iron-deficiency anaemia 6&. Hookworm-
induced anaemia is most prevalent in people living in rural areas in developing 
countries, where agricultural labour is their main source of income. The disease 
reduces the individual's physical ability to carry out work associated with this way of 
life, leading to poor nutrition and increased hookworm infection 69 The extent of 
anaemia is dependent on factors such as the intensity of infection, the infecting 











level of iron intake and host nutritional intake 70. Pregnant women infected with 
hookworms are most at risk due to the severity of iron-deficiency anaemia that may 
increase their risk of death to themselves or their unborn foetus 71. 
Malnutrition of livestock has been shown to vary with their control of GJ nematode 
infections as the severity of infection is dependent on the nutritional status of the 
animal 72. This is believed similar for humans infected with 01 nematodes. Children 
suffering from malnutrition are vulnerable to problems associated with Gl nematode 
infections 73, leading to continual loss of appetite as well as affecting their physical, 
cognitive and social development 69,74. Malnutrition is further exacerbated after Of 
nematode infections as the nematodes damage the intestinal mucosal epithelial cells 
whilst feeding, resulting in the poor nutrient absorption by the host and leading to 
stunted growth 75. 
The re-emergence of other serious diseases as a result of 01 nematode infections is 
particularly important in developing countries. A protective Thl immune response 
elicited to control tuberculosis (TB) and human immunoddiciency virus (HIV) is 
downregulated by helminth infections 62. The induction of T regulatory cytokincs, IL-
10 and TGF-r) produced by helminth infections are immunosuppressive and believed 
to inhibit immune response that protect against TB 62. In addition, the downregulation 
of the immune response is believed to be responsible for the rapid progression of HI V 
to AIDS in the developing world 76-78. Individuals with helminth infections show a 
marked Th2 immune response and are chronically immune-activated which increases 
their susceptibility to secondary infections requiring a Th I immune response for 
protection. Important, is that HIV and TB vaccine candidates in endemic areas of 













1.2.2.2 Parasite immunology 
Parasites have evolved over millions of years to become well adapted to their hosts, 
The host specific relationships, which they have acquired, have enabled them to avoid 
immune defense mechanisms by either exploiting or interfering with key mediators. 
'I'hey have established themselves in virtually every type of niche and are a major 
medical problem, particularly in subtropical and tropical regions worldwide '. Many 
of their complicated lifecycles have been known for years, but it is only recently, 
through the understanding of dominant mediators, (regulating the immune system), 
that host interactions have been elucidated. A few of the niches occupied in human 
hosts include the gut (e.g. amoebae, Nippostrongylus), bloodstream (e.g. African 
trypanosomes), within erythrocytes (e.g. Plasmodium spp.), in macrophages (e.g. 
Leishmania spp., Toxoplasma gondii), and muscle (e.g. Trypanosoma cruzi). 
The infectious organisms have an enormous species diversity that further complicates 
their mode of infection. During their lifecycle they often migrate through various 
parts of the host's body, passing through dif erent stages of development in different 
tiSSllCS, before finally reaching their maturation site. Some species can also change 
their surface antigen with each developmental stage, allowing stage specific 
immunity. An example of such a response can bc observed with the protein coat of 
the sporozoite (the infective stage of the malarial parasite transmitted by the 
mosquito), which induces the production of antibodies that do not recognize the 
erythrocytic stage '. A similar scenario can be seen with trypanosomes (cause 
sleeping sickness) that constantly change thcir surface glycoproteins I. 
Some intracellular protozoa avoid the immune system by using cellular molecules 
and pathways to direct their entry into target cells. The merozite, an invasive form of 
the blood stage of malarial parasites binds certain receptors on the surface of the 
erythrocyte (red blood cell) and uses specialized organelles, the rhoptry, to enter host 
cells. The rhoptry is a specialized organelle f()r invasion of host cells and secretes 











(Plasmodium, Babesia, Neospora), not In the Sarcomastigophora (Leishmania, 
'T' ) 81 
I 'ypanosoma , 
Gastrointestinal worms infect a third of the world population with severity of disease 
dependent upon the worm burden H2, However, in children even moderate intensities 
of infection may be associated with stunt growth and slow mental development. 
1.2.2.2.1 Immunity to gastrointestinal (GI) nematodes 
Most helminths infect their host via the oral route, and live either at the mucosal 
surface of the gastrointestinal tract (Grr), or transverse this mucosal barrier on their 
way to their prefen'ed niche IB, In responds to an invading nematode, the gut-
associated lymphoid tissue (GALT, lymphoid tissue associated wilh surfaces lining 
the intestinal tract) process antigen released by the parasite and initiates a cascade of 
'I' 1 ' R speCla lzec Immune responses 
1.2.2.2.1.1 Innate immunity to GI nematodes 
The innate immune system provides the first line of immune defense by non-
speci1ically detecting the immediate presence and nature of an infection 84,85 
Gastrointestinal nematodes are deterred from invading the underlying mucosal 
epithelium by a thick mucus blanket. 'rhe mucus layer providing a formidable barrier 
between the mucosal epithelium and lumen of the OIT comprises water and extensive 
polymers of secretary mucins 86, In the intestine the layer is in a dynamic state which 
enables the host 10 eliminate adherent pathogens with sloughed off mucus during 
peristaltic movement and defecation 87, Pattern recognition receptors (PRRs), which 
have evolved to recognize pathogen-associated molecular patterns (P AMPs) on 
invading pathogens also playa role in maintaining the epithelial barrier function &4,85, 
Their immediate detection of microbes delay parasite establishment and allow the 











1.2.2.2.1.1.1 Gastrointestinal mucin.\' 
Gastrointestinal mucins are large glycoproteins classed on their location and 
structure: membrane bound (Muc 3) and secreted (Muc2) forms. They form the major 
components of mucus and compete for binding sites on the underlying epithelium 88-
90, preventing altachment of pathogens to the mucosal surface 86. Secreted mucins 
synthesized and secreted by goblet cells of the intestine and colon, and mucus eells in 
the stomach are rich in threonine, proline and/or serine residues. The abundance of 
these amino acids provides several attachment sites for O-linked oligosaccharides. 
These glycosylation patterns affect the physical properties of mucin, influencing its 
rigidity, protease resistance and gel-forming capability. Transient alterations in these 
patterns are directly related to the expulsion of N. brasiliensis within the rat model 
and were suggested to be a general protection mechanism against enteric pathogens 
91. Recently, the goblet cell-specific protein RELMp/FJZZ2 was shown to be induced 
after exposure of 3 phylogenetically distinct Gl nematode pathogens (N. brasiliensis, 
Trichuris murfs and T. ,spiralis). The maximal expression of the protein correlated 
with the production of Th2 cytokines and host protection 92. Furthermore, RELM~1 
was shown to bind components of the nematode chemosensory apparatus and inhibit 
chemotaxic function of Strongyloides stercoralis. The protein impaired co-ordination 
of worm movement 92. 
1.2.2.2.1.1.2 Pattern recognition molecules 
Once a pathogen overcomes the luminal mucin barrier, the innate immune system at 
the level of epithelium and lamina propria distinguishes invading pathogens by 
recognizing pathogen-associated molecular patterns via PRRs. Examples of human 
pattern recognition molecules include; 
1. 2.2.2.1. J.2. J Collect ins and.ficolins 
These secreted proteins bind oligosaccharide structures on the surface of 
microorganism, initiating the death of bound microbes by complement activation and 
phagocytosis. Collectin and ticolins both possess collagen-like sequences linked to 
the C-type carbohydrate-recognition domain (CRD) and fibrinogen fJ-gamma 
homology domain (FBG), respectively. The domains form trimeric clusters at the 
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pathogens 93 and recruit mannose-binding lectin (MBL)-assoeiated serine proteases 
(MASPs). MASP is known to initiate complement activation by cleaving C3. Clq is 
also a eoilectin which activates complement when binding directly to T spiralis 94 
and S. mansoni 95 
1.222.1.1.2.2 Penfraxins 
C-reactive protein (CRP) and serum amyloid protein (SAP) are secretary and 
membrane-associated pattern recognition molecules belonging to the pentraxin 
family. Both function as opsonsms upon binding phorylcholine and/or 
phosphorylethanolamine commonly found on the surface of nematodes, trematodes 
and cestodes 96. CRP activates the classical complement pathway by binding to Clq, 
and participates in natural resistance to schistome infection 97. 
1.2.2.2.1.1.2.3 C-type lectins 
C-type or Ca2e-dependent leetins expressed on macrophages and dendritic cells (Des) 
have recently been shown to bind with high affinity to schistosomes 98. These 
molecules mediate phagocytosis and antigen presentation ')9. C>type leetins can also 
modify 'roll-like receptor-mediated activation of OCs and steer immune responses by 
I · k" 100 a tcnng cyto me responses . 
1.2.2.2.1.1.2.4 Scavenger receptors 
Scavenger receptors (SRs) are cell surface glycoproteins that bind low-density 
lipoprotein (LOL) and lipopolysaccharides (LPS) with high affinity. They are multi-
domain transmembrane proteins that mediate killing of S'. mansoni via host LDL 
bound to the worm's surface IOJ" 
/.2.2.2. f .1.2.5 C'omplement receptors 
Complement receptors particularly CR3, are ideal examples of pattern recognition 
receptors involved in the innate immune response 102. Being multifunctional, they are 













1.2. 1.1.2.6 Toll-like receptors 
'f 
j 
Toll-like receptors (TLR) are type-l transmembrane proteins with ecto-domains 
containing interspersed leucine-rich repeat motifs 104. Presently ten TLRs' have been 
identified. TLR-2 recognizes and binds lysophosphatidylserine Ii'om S. mansoni 
triggering the development of fully mature Des capable of inducing a Th2 response, 
characterized by elevated lL-1O levels lO5. 
1.2.2.2.1.2 Adaptive immunity to GJ nematodes 
/.2.2.2.1.2.1 Protective Tlt2 immune response 
Resolution of Gl nematode infections is associated with an induction of Th2 immune 
responses characterized by the cytokines IL-4, 1L-5, IL-9 and [L-13. T helper 1 
dominated responses associated with 1L-12 and IFN-y production leads to chronic 
infection 106J07. The protective response mediated by the Th2 cytokine IL-4, the 1L-4 
receptor, or Stat-6 signaling has been well-documented Jl)f the clearance of 
l1eligomosomoides polygyrus, T muris, T spiralis and N brasiliensis from the 
murine host 108-113. 
Interleukin-13 also plays an important role in providing resistance to T muris 10M and 
is essential in the expulsion of N brasiliensis Ill. IL-4 and lL-13 have related 
functions as immune regulators. Both cytokines bind two receptors (Fig. 1.4), IL-4 to 
the IL-4Ra chain consisting of the classical IL-4R (type 1 TL-4R) and the type 2 IL-
4R (Zurawski, 1994 #101;Zurawski, 1995 #76;de Vries, 1998 #78;Hilton, 1996 #79) 
to which ligation to either activates at least 2 Janus kinase 1 (Jakl) dependent 
signaling pathways, which involve tyrosine phosphorylation of Stat-6 or JRS-2 
(insulin Receptor Substrate-2) 114-125. In the type 1 IL-4R, IL-4Ra is paired with the 
common yc (also a component of lL-2, lL-7, lL-9 and IL-15 receptors) 126-m, while in 
the type 2 lL-4R, fL-4Ra is paired with IL-13Ral 121,126,129-131. IL-13 binds IL-4Ra-
IL-13Ral complex (Fig. 1.4) with higher affinity than it does IL-13Ral alone 115,129-
m. The second 1L-13 binding chain, I.L-13Ra2 selectively binds 1L-13 with a much 
higher afJinity than either the IL-4Ra.-IL-13Ral complex or IL-13Ral alone. The 
function of this receptor is still unclear but may include attenuation of some lL-13 
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the IL-4 and IL-13 receptors explains differences in responsiveness to T -and-B-
lymphocytes and other bone marrow derived celis, such as macrophages and 
eosinophils. It could also explain why IL-13 may be more potent as a stimulus for 
smooth muscle and epithelial cells 123,135. 






Figure 1.4: IL-4 and IL-13 receptor complexes. IL-4 interacts with the IL-4Ra binding protein in 
combination with either yC (IL-4 type 1 receptor), IL-13 Ral or IL-13a2 (IL-4 type 2 receptor). IL-13 
interacts with l3Ral or IL- l3Ra2 binding proteins in combination with the IL-4Ra chain. Increasing 
thickness of arrows indicate increasing binding affinities. This figure was taken directly from 
Brombacher 136. 
There are numerous ways in which IL-4 and IL-13 independently modify immune 
and inflammatory responses. These include; (1) enhancing monocyte/macrophage and 
endothelial cell expression of adhesion molecules 137; (2) increasing macrophage 
expression of molecules associated with antigen presentation and T cell costimulation 
115; (3) stimulating the production of the chemokine, eotaxin 138; (4) suppressing the 
production of inflammatory mediators such as prostaglandins 139, reactive nitrogen 
and oxygen intermediates 140, 141 and; (5) stimulating the production of anti-
inflammatory molecules such as the soluble IL-IRa, the type 2 (decoy) IL-IR and the 
IL-l R antagonist 142-144. In addition similarly as IL-4, IL-13 enhances the 











proliferation of NK cells and their cytolytic activity 117 and stimulates human B cells 
to express CD23 and switch to expression ofIgG4 and IgE 137. 
IL~4Rri-deficicnt mice have phenotypic characteristics similar to those observed in 
the IL-4113 double deficient mice 146. Studies comparing the immune responses 
mounted by rL-4~det1cient and IL-4Ra-deficient mice have provided evidence for the 
involvement of fL-13 receptor signaling in the generation of Th2 responses. This was 
well documented with N. brasiliensis infection where IL-4Ra responsiveness was 
required for protective immunity against the gut-dwelling nematode 146. The response 
was independent of lL-4. Furthermore, IL-4RcL-deticient mice succumbed to chronic 
'"eishmania major intection whereas IL-4-deficient mice control the infection, 
indicating that the functional lL-13 receptor protect mice from profound parasite 
39 induced pathology . 
Recently, Brombacher and colleagues have generated macrophage, T cell and smooth 
muscle cell-specific lL-4Ra-l - mice respectively. These animals lack IL-4 and lL-13 
responsiveness on the individual cell type and are used as a tool for understanding the 
relative importance of fL-4Ra signaling on the cell type and in disease. 
1.2.2.2.1.3 Gl nematode expulsion 
Expulsion is mediated by a number of cellular types and is not restricted to immune 
cells alone. However, the immune system plays a crucial role in the induction of host 
protective responses to GJ nematode infections. Mutant severe combined immuno-
deficient (SCID) mice, lacking both T and B cells and Recombinase-Activating Gene 
(RAG)-2 mutant mice, lacking all lymphocy1es, are resistant to helminths with the 
administration of lL-4 and IL-13 146.147. This demonstrates that non-lymphoid cells do 
contribute significantly to the protective immunity of GJ nematodes. Possible non-
lymphoid cells capable of a helminth-induced Th2 response include eosinophils, 
goblet cells, basophils and mast cells. Infection produces mucosal inflammation, and 
indllces changes in intestinal physiology including enhanced intestinal propulsive 













Eosinophils are multi-functional cells capable of releasing potent cytotoxic and 
prointlammatory mediators in addition to expressing receptors for and secreting 
immunologically important molecules 149, Both peripheral and tissue eosinophils arc 
characteristic features of many helminth infections (Fig, 1,5). In mice, 1L-5 controls 
the elevated rate of development, maturation and survival of eosinophils during a Th2 
cytokine response ISO. Studies using lL-5 knock-out (KO) mice or anti-IL-5 antibody 
showed no change in the expulsion of a primary 01 helminth infection 151,152. 
However, T. spiralis expulsion was impaired in lL-5 KO mice upon a challenged 
infection 153. The authors here suggested that lL-5 and eosinophils probably protect 
against repeated exposure to a 01 parasite, such as T. spiralis. In schistosome 
infections, epidemiological studies have shown correlations between eosinophilia and 
protection 154,155, Whether eosinophilia plays a role in the expulsion of Gl nematodes 
remains debatable however, it has been suggested that these cells may represent an 
immunopathogical rather than protective response as a consequence of inflammation 
induced by a Th2 response to worm infections. 
1.2.2.2.1.3.2 Mast cells 
Mastocytosis is a known effector function creating an inhospitable environment 
. . I 1 . f S' I 'J I' d 7' 't' 156-160 Th Important 111 t le expu slOn o' , trongy owes venezue ens IS an ,Spira IS' .. e 
cross-binding of IgE to Fc£RT receptors on the cell surface of mast cells trigger the 
release of preformed and de novo-synthesized mediators, including histamine, 
prostaglandins, leukotrienes and proteases (granule fJ-chymase and mMCP-l, (Miller, 
2002 #124), Subsequently these mediators result in increased Gl motility, mucus 
hypersecretion, increased vascular permeability and leucocyte recruitment and 
activation. Other important roles of mast cells include their possible promotion of a 
'1'h2 response via the early production oflL-4 161, 
1.2.2.2.1.3.3 Smooth muscle cell~i 
All muscle in the GJ tract is smooth muscle with the exception of the first section of 
the oesophagus. Mucosal inflammation produced during the intestinal phase of T 
spiralis infection is accompanied by increased intestinal muscle contractility and 











via the Stat-6 pathway 165 results in accelerated intestinal transit. A similar IL-4IIL-
13-dependent peristaltic movement was shown in mice infected with N. brasiliensis 
and II. polYRyrus 166. Furthermore, a role for] L-9 in intestinal muscle contractility has 
been demonstrated in 1'. ,\piralis infection 167. These studies support the hypothesis 
that Th2 responses mediate muscle contractility in nematode infection. 
1.2.2.2.1.3.4 Goblet cells 
Goblet cells found throughout the small and large intestine are the main source of 
mucins in the gut X8. Although the exact function of the mucus is not known, authors 
have suggested that it traps parasites in the lumen. The high levels of mucus deter 
parasites from anchoring in the gut, while leukotrienes and IL-4 increase gut motility 
168. Other factors like the recently described RELM~ (Resistin-Like Molecule) are 
also believed to atTect the chemosensory apparatus of OJ nematodes, impairing their 
survival 92. 
The induction of hyperplasia has been described in a number of nematode infections 
. I d' N b ./ .. 89169170 CI I 'd ·171 T . 106167 d l' mc u mg . raSItenS1S ' , ,IJlrongy m es rattl , . muns ' an .. 
,\piralis 172,173. However, a correlation between goblet cell hyperplasia and worm 
expulsion could only convincingly be shown with a N. brasiliensis infection 174. 
1.2.2.2.1.3.5 Intestinal epithelial cell turnover 
In a study using 1'. muris, the authors demonstrated accelerated intestinal epithelial 
cell turnover as an expulsion mechanism to displace worms from their optimal niche 
in the intestine 175. Basically, the epithelium acts as an escalator whereby enterocytes 
migrate luminally, undergoing proliferation, differentiation, and maturation before 
undergoing programmed celJ death and extrusion into the intestinal lumen 176, Hence, 
the 01 nematode T. muris is rapidly expelled together with its habitat. Resistance was 
shown to be IL-13 dependent. Susceptible mice demonstrated a delay in the 
acceleration of epithelial turnover upon which 1'. muris has quadrupled in length and 
undergone a further molt. The nematode now resided much higher in the crypt and 
was no longer in the compartment where the fastest movement of cells was occurring. 













The importance of an antibody response in the expulsion of or helminths has been 
assigned in the control of a challenged rather than primary infection 105. 
Gastrointestinal nematode infections induce high antibody production particularly 
Th2 associated IgO 1 and JgE isotypes 177,178. Most of the antibody produced in T 
.<;piralis and H pozygyrus infections are non-specific, and in the case of T spiralis are 
only produced after worm expulsion has been initiated. These studies suggest that 
antibody production is merely a consequence of a strong Th2 immune response 177,179. 
Passive transier of antibody (lgO and/or JgE) can enhance the expUlsion of G1 
helminths however a lack of antibody does not hinder expulsion 177,180,181. This was 
clearly demonstrated with N. brasiliensis and T muris infections respectively, where 
the low level production 182,183 or lack of antibody 182 similarly had no effect on worm 
expulsion. in addition, Stat-6-deficient mice despite their high level production of 
antibody could not expel N. brasiliensis I J I. Similarly, FcyR-deficient mice showed 
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Figure 1.5: Proposed GI nematode expulsion model adapted from [100]. Role of Th2 cells, effector cells and cytokines in worm expulsion. ThO, naiVe T helper cell ; Th2, T 













Enterobius vermicular!s, human pmworm is one of the most prevalent intestinal 
nematodes of mankind 184, Unlike other common intestinal nematodes, pll1worm 
infections do not only affect individuals of tropical climates or populations with poor 
hygiene or low socioeconomic status. [n addition, eggs deposited on the perianal 
region are immediately infective and do not require a period in the environment to 
embryonate. Transmission is largely from person to person and results in an irritating 
but not lire-threatening perianal pruritus 184. 
1.2.3.1 Enterobius vermicularis 
Enterobius vermicularis is a nematode parasite most prevalent in the United States 67. 
Presently, humans are the only known host with mor  than 200 million infected 
worldwide. Adult worms are relatively small with the males measuring 2 to 5mm and 
the females mcasuring 8 to 13mm. Male worms are less numerous, smaller in size 
with a curved tail, a small bursa like expansion, and a single spiCUle. In contrast, 
female womlS boast a cuticular expansion at the anterior end leading to a long 
pointed tail. Adult worms live primarily in the cccum from where the gravid female 
(cach containing up to 15000 
stimulated by air contact to lay her 
migrates at night to the perineum and is 
(Fig. 1.6). 
The eggs are sticky and have a characteristic asymmetrical shape which is flattened 
on the one side. They measure approximatdy 55 by 30pm in size and mature to 
infectious stage (Ll larvae) before hatching in the duodenum IR5. During their 
maturation the larvae undergo a series of moults, as they migrate down the digestive 
tract. In the cecum the larvae mature into adults beJore copUlating to complete their 
lilecycle (±c 6 weeks, FigJ.6) 
'rhe majority of pinworm iniections are asymptomatic although in some cases the 
emerging female and sticky masses of eggs cause perineal, perianal, and vaginal 
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irritation could gIve nse to sleep disturbances. More serious disease can result 
although rarely, and include weight loss, urinary tract infection and appendicitis 
187,188 
A. Embryonated eggs 
i~,!" 
~~ 
~. A Eggs on perianal folds 
Larvae iMide the eggs 
mature within 4 10 6 hours. 
A.. Infective Stage 
A " Diagnostic Stage 
A Gra..,1d ~ migrates 
V to perianal region 
at 
Figure ).6: Pinworm lifecycle (Enterobius vermicularis). (I) Eggs deposited on the perineal folds are 
stimulated by O2 to mature within 4-6hrs. (2) Eggs from perianal area or from contaminated food and 
water are ingested . (3) Larvae migrate to the ileum and molt twice. (4-5) Adults live in cecum and 
emerge nocturnally to lay eggs. This figure was taken directly from website of the Centre of Disease 












1.2.3.1.1 Enterobius vermicularis as a probable vector for Diel1tamoeba /ragilis 
An intriguing example of pinworm acting as vector for protozoan parasites have been 
described in the case of E. vermicularis and Dientamoeba fragilis. Dientamoeba 
Fagilis is a protozoan amoeboid organism that has for years escaped the interest of 
most clinical and diagnostic microbiologists 190. The intestinal pathogen is not 
considered pathogenic in some countries as it has been exhibited in patients showing 
no apparent clinical symptoms [91 and is often identified in patients co-harboring 
other suspect pathogens. However, evidence supporting its pathogenicity has 
associated it as the cause of diarrhea, abdominal pain, f1atuience, fatigue, and 
• 192 anorexia . 
Humans are the only known natural host of D. fragilis and although most intestinal 
protozoa that are transmitted via the fecal-oral route require a cyst stage, none for D. 
f;'agilis have been identified in man. The cystic torm of the organism protects it from 
the external environment as Dobell demonstrated it unlikely that the adult protozoa 
would survive their journey through the alimentary tract 193. Dobell 193 hypothesed 
that D. /i'agilis is transmitted via the ova of nematodes and suggested T trichiura and 
Ascaris lumhricoides as likely candidates. Burrows and Swerdlow found a 20-fold 
incidence of D. fragilis co-infection with E. vermicularis. They also observed 
small amoeboid bodies with similar nuclei to D. /i'ugilis, in the eggs of pinworms 194. 
The probability of pinworm as the intermediate host was further supported by Ockert 
19:;1')6 who successfully infected himself and two other human subjects, with D. 
Fagilis by ingesting E. vermicularis eggs. However, the inability to identify a cyst 
stage of D. fragi/is does not guarantee its non-existence and emphasizes the 
importance of establishing a suitable animal model to study the lifecycle and clinical 












1.2.3.2 Syphacia species (rodent pinworm) 
:"yphacia species of the order, Oxyurina are Ol nematodes primarily found in the 
cecum/rectum of their host (mollse, rat, hamster, gerbil, wild rodents) 197. Because of 
its direct lifecyc1e, mice are intected by ingestion of the eggs through contaminated 
food, water and bedding. The gravid female deposits the elliptical-shape eggs at the 
perianal region of its host, which becomes infectious within 6hr5. At this stage it may 
follow one of 3 infectious pathways similar to that observed with the human species 
(Fig. 1.6). 
(I) Direct pathway: the ingestion of cmbryonated eggs ji'om the perianal region 
198. , 
(2) Indirect pathway: the ingestion of watcr or food contaminated with 
198 embryonated eggs ; and 
(3) RClro-infection pathway: when larvae from eggs that had hatched at the 
perianal rcgion migrate back into the colon by way of the anus 199. 
S:vphacia ohvelata completes its li1ccyc1e within 11-15 days. The prevalence of 




Age (increased resistance with advancing age of rats (Wagner, 1988 #165); 
Host immune status; and 
• • ?OO 201 Sex, males are more parasItized than females -, . 
1.2.3.2.1 Influence of pinworm on experimental diseases models 
During the late 1960- J 980's the general consensus was that pinworms were not 
pathogenic 197 and their inability to penetrate host intestinal tissue duri ng 
development was believed to be the cause of no immune response being mounted by 
their host 202. Today however, infection with Syphacia spp. continue to be a major 
global threat to science as rodents are directly infected by the ingestion of eggs 
through contaminated food, water and bedding. Despite strict regulations and drug 
treatments to eradicate this contagious parasite from experimental animals, re-
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experiments. More concernmg IS that this GI nematode possibly skew Immune 
responses and effector mechanisms 203,204. 
13eattie et al. 205, using a nude mouse-pinworm model system showed that S. obvelata 
induces the proliferation of T-and-B lymphocytes in the spleen, lymph nodes and 
occasional germinal centre formation. 8ato ef al. 204 followed up their research and 
showed for the first time a humoral immune response to pinworm infected mice. They 
also showed higher antibody production to non-parasitic antigenic stimuli, thus 
indicating that pinworm infections might modulate the immune system. Other 
influences associated with a pinworm infection include rectal prolapse, mucoid 
enteritis, and intestinal impactionJintussusception 206-212. In addition, the gut dwelling 
nematode has been shown to influence the susceptibility of mice to other intestinal 
nematodes 203. More recently, mice infected with pinworm were demonstrated to 
terminate self tolerance and enhance neonatal induction of a Th2-associated 












Gastrointestinal nematodes induce a Th2 immune response accompanied by IL-4, IL-
5 and lL-13 cytokine production, eosinophilia mastocytosis, goblet cell hyperplasia as 
well as parasite-specific JgG 1 and IgE antibody production. A similar protective 
immune response was hypothesized for the cecum-dwelling nematode, Syphacia 
o/Jvelala isolated from one of our animal facilities. In this study we present the 
immune response elicited to a pinworm infection and demonstrate that IL-I3 is the 
dominant cytokine required f{)r the expulsion or the parasite. S'. obvelata infection in 
BALB/c mice induced a protective response with elevated Th2 cytokincs, and specific 
IgG 1. In contrast, globally deficient IL-4Rcl mice elicited a non-protective response to 











1.3 Material and Methods 
1.3.1. Mice 
IFN-yR+ 214 and IL-12p40-1- 215 mice were generated on a 129/Sv/Ev background. IL-
12p4(r/- were backcrossed fives times to C57BLl6. IL-4-1- 216, fL-l 217, IL-4/t3-1- 21X 
and lL-4Ra-l- 39 mice were generated on a BALB/c background. All mice were kept at 
the animal facility at the Health Science fllculty, University of Cape Town (UCT) 
under specific pathogen free conditions. In addition, mice were tested serologically 
f()r pinworm-specific fgG antibody prior to experiments. Eight to 12 week old mice 
were used for experiments performed in accordance with the guidelines of the Animal 
Ethics Research Board of UCT (Cape Town, South Africa). 
1.3.2. Culturing of S. obvelata 
1.3.2.1 Stahl's method 
The cecum from susceptible mice strains (lL-13-I-, IL-4/1 , IL-4Ra-I-) were collected 
in 0.65%1 NaCl (Merck, SA) and incubated in a gauze mesh at the mouth of a conical 
l1ask for 1-2hrs at 37°C. The worms were collected at the bottom of the flask and 
washed 3 times in 0.65% Nael (1500rpm for 5min) before being processed for either 
eggs or antigen. 
1.3.3. Egg and antigen preparation 
1.3.3.1 Eggs 
Worms collected tram infected mice were crushed and debris removed through a 
70,um cell strainer (Falcon, ED Bioscienccs, Belgium). The resulting contents 
containing the eggs were collected in a glass petri dish and washed in 0.65% NaCl 













Isolated pinworms were equilibrated in a 40'% (20m] Percoll in 30ml 0.65%NaCI) 
Percoll column at 2000rpm for 5min, which pelleted intestinal debris and suspended 
the worms. The suspended worms were transferred to a new 50ml Greiner tube and 
pelleted with &bO on the bench. To a volume of lOmI isolated worms 500-1000pl 
protease cocktail inhibitor was added and the solution sonicated at ] 7-19rms for ~ lhr 
(1-2min sonicated intervals) on ice. 'rhe suspension was centrifuged at 1500rpm for 
10min and the resultant supernatant filtered through a 0.2JllTI acetate syringe filter 
(Schleicher and SchueH, Microseience, Germany), The mtered protein was dialyzed 
(Spectrapor; MW 12 000-14 000, Sigma, USA) OIN in a cold room (4°C) and the 
concentration determined using a BCA kit 119, Samples were stored at -80°C until use. 
1.3.4.1 nfection 
Eight to 12 week old mice were inoculated orally with 500 5'. obvelata eggs using a 
120 20mm gavage tube (lJCT, South Africa). 
1.3.5. Antibody response 
] .3.5.1 Collecting blood 
1.3.5 .•.• Anesthesia with exsanguinations 
Anesthetized mIce were killed by exanguination (l'atat blood loss). Mice were 
decapitated with a sharp pair of scissors and allowed to hemorrhage via the major 
cervical vasculature. Blood was collected and transferred into a serum separator tube 












1.3.5.1.2 Tail vein bleed 
The mouse tail was heated under an infrared fluorescent lamp to dilate the veins. The 
tail was extended and an incision made across the lateral tall vein with a disposable 
scalpel blade (Aesculap, Germany). From the incised site blood was collected into a 
serum separator tube. Gentle pressure was then applied to the wound to ensure 
hemostasis. 
1.3.5.2 Antibody ELISA 
Antibody (Ab) responses were quantified by the highly specific and sensitive 
Enzyme-Linked lmmunosorbent Assay (ELl SA). The procedure involved coating 
microtitre plates with an antigen (Ag), which is bound by serum antibodies. The 
antigen-serum complex is then detected by a secondary Ab, specific for mouse 
immunoglobulin Ig's in addition to being labeled with an enzyme. 'rhe enzyme 
catalyzes the substrate to a product, which is chromogenic, it emits light that can be 
quantified at a particular absorbance depending on the substrate used. 
Blood collected in serum separator tubes were centrifuged at 4100-4500rpm for 15-
20min to separate the serum. IgG 1, JgG2a, IgG2b, and IgE antibody isotypes were 
assayed from the serum using an indirect ELJSA. For a specific antibody response 96-
well microtitre plates (Nunc-immuno maxisorp surface plates, Denmark) were coated 
with crude soluble S. ohvclutu extract at 5,ug/mIl501tl/well for 3hrs at 37°C and/or OIN 
at 4°C. For total 19B, plates were coated with anti-1gE antibody (84.1 C,0.71mg/ml) 
diluted in coating buffer (Carbonate buffer, pl]9, 0,02% NaN 3). Plates were then 
blocked with 2% milk powder (Spar brand, Spar, South Africa) at 37°C for 3hrs 
and/or O/N at 4°C. This was followed by the addition of serum in 10 fold dilutions 
starting with 1110 and ending with 11103. Serum samples were incubated at 37°C for 
3hrs and/or at 4°C OIN. Plates were developed with anti-mouse isotypc-specitLc 
poJyclonaJ alkaline phosphate labeled antibodies (111000 IgGI, 19G2a, IgG2b, and 
IgE, Southern Biotechnology Associates, Inc), incubated for 2hrs at 37°C, followed by 
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Germany). Nai've BALB/c serum was used as a negative control. The absorbance was 
read between 405 and 490nm by a Versamax turnable microplate reader (Molecular 
devices, USA). 
1.3.6. ]>rotein concentration (BCA kit) 
A volume of lOp] standard or sample (diluent: 1 xPBS, dH20 or 0.65% NaCI) was 
added in duplicate to a 96-well flat bottom plate (Nunc, Denmark). This was followed 
by the addition of 200pl/well of BCA working solution (Pierce, USA) (50 parts 
solution A mixed with I part solution B) and an incubation of 30min at 37°C. The 
plate was allowed to cool to room temperature and read at an absorbance of 540nm 
(690nm reference) to determine the protei n concentration. 
1.3.7. Isolation of organs 
Mice killed by cervical dislocation or exanguination were dipped in 70% ethanol 
(v1erck, SA) and pinned to the dissection board. An incision in the lower abdomen, 
allowing the skin to be pulled back and exposing the internal organs was then 
perfi:mned. Aseptically, the spleen and draining lymph nodes were removed, divided 
and transferred to polypropylene test tubes (Grenier Bio-One. Germany) before being 
added to lschov's media (Gibco, Life Technologies, USA) for cell restimulation 
(cytokines). For histology, intestine, co [on, spleen, and lungs were removed and 
preserved in 4 lYr) tormaldehyde solution (Merck, SA) and stored at RT. 
1.3.8. Cell restim ulation 
Draining lymph node and spleen was aseptically removed and placed in ice-cold 
IMDM media supplemented with 10% heat-inactivated FCS, 2mM L-glutamine, 
lOOU/ml penicillin and lOO,ug/ml streptomycin (Gibco. Life Technologies, USA). The 
organs were teased through a 70pm nylon cell strainer into a bacterial graded petri 
dish (Sterilin, UK), transferred to a 50m] Greiner tube (Cell star, Grenier Bio-One, 
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resuspended in 5ml Red Cell Lysis ButTer and underlayed carefully with 2ml heat 
inactivated FCS before being centrifuged at 1200rpm for 8min (4°C). The cells were 
washed twice with media (1200rpm J()[ 8min at 4°C), before being rcsuspended in 
10ml media. Cells were dilutcd appropriately with trypan blue (Sigma, USA) and 
counled on a haemocytometer (0.1 mm, Neubauer, Germany) to determine the cell 
concentration. For eytokine ELISAs 2 x 106 cells were cultured at 37°C and in 5% 
CO2 in nat-bottomed 48 well plates (Coming, USA). Cells were restimulated with 
media, con A, 50 or I OOJ,Jg/mi S, ohvelata-Ag and a-CD3 in triplicate. The plates were 
incubated for 96hrs, supernatant collected and stored at -80°C for cytokine ELfSAs. 
1.3.9. Analysis of cytokine ELISAs 
Cytokine ELISAs were performed to determine the Th cell immune response to 
pinworm. Th I cytokines included IL-12 and JFN-y. Th2 cytokines included IL-4, IL-
5, 110-9, IL-lO and IL-l The cytokines were detected by coating 96-well microtitre 
plates with 50lil/well of their respective cytokine coating antibody diluted 111 000 (1-
2pg/m!) in coating buffer and incubated for 2hrs at 37°C and/or 4°C OIN. The plates 
were then blocked with 200,ullwell 2% milk powder at 37°C for 1 hr and/or 4°C O/N. 
This was then followed by the addition of recombinant standard diluted 3-fold from 1-
12 wells (working concentration, IL-4; 2S0ng/ml, IL-5; 250ng/ml, IL-9; 2S0ng/ml, 
1L-IO; IOOng/ml, IL-12p40; 100ng/ml, lL-13; IOOng/ml and IFN-y; 100ng/mI). 
Stimulated cytokine supernatant samples diluted 3 fold were added, SOpl/well and 
incubated fc)r 37°C f()r 3hrs and/or 4°C O/N. Plates were developed with SOpl/well 
biotin labeled secondary Ab diluted 1/1000, except for IL-9 and IL-IO diluted 11500, 
and incubated for 3hrs at 37°C. Then 50,uI/well 111000 alkaline phospbatase or 1/10 
000 horseradish peroxidase (HRP, only fl.-lO) labeled streptavidin was added and the 
plates incubated lor an hour at 37°C, followed by the addition of SOpl/well of alkaline 
phospatase (AP) substrate Omg/m1) or TMB peroxidase substrate (KPL, USA). The 
absorbances were read between 405 and 492nm j~Jr AP substrate and 450 and 540nm 
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1.3.10. Eosinophilia 
1.3.10.1 Peripheral blood eosinophilia 
A volume of 10,u1 of blood collected was diluted 111 0 in Discombes l1uid 219. Cells 
were counted on a haemocytometer. The number of eosinophil cclls/ml of blood was 
calculated using the following formula: 
Number of cells x dilution factor (10) x 1 104 
1.3.10.2 Eosinophil peroxidase (EPO) assay 
10.2.1 Tissue isolation 
Colon and intestinal tissue segments were aseptically removed, weighed and placed in 
Tris-triton buffer (pHS). The tissue samples were homogenized followed by a 30sec 
soniJication at 18-20 watts. The resulting suspension was centrifuged at ] SOO-
2000rpm and the supernatant aliquoted. Samples were stored at -20°C until use. 
To a f1at bottom 96-well plate. 75,u1 standard (HRP) and sample diluted serially 1/3 
(O.S-2.8 x 10-6 Units) in Tris-triton builcr was added. The plate was then incubated at 
37°C for 5min. To each well was then added 75,u1 o-phenylenediamine (OPD, Sigma, 
USA). The reaction was stopped with phosphoric acid (Merck, South Africa) and 











1.3.11. Intestinal mastocytosis 
1.3.11.1 Mouse mast cell protease-1 assay 
The levels of mouse mast cell protease 1 (m:v1CP-I) in serum and tissue homogenates 
(collected as for EPO) were measured by using a mMCP-l ELISA kit purchased from 
Moredun Animal Health Ltd (Penicuik, United Kingdom) as previously described 221, 
Brielly. rabhit anti-mMCP-l was used as a capture antihody. Tenfold serial dilutions 
of serum or tissue homogenates were made from 1110 to 1/10 ODD. Horseradish 
peroxidase-conjugated rahbit anti-moLlse mMCP-I was then added, and quantification 
was carried out by reference to purified mMCP-I. 
1.3.12 Periodic Acid Schiff (PAS) staining technique for 
carbohydrates 
1.3.12.1 Preparation of sam pies 
Approximately 1 cm of intestine and colon of naive and infected mice were embedded 
in 4% formalin O/N. 
1.3.12.2 Staining 
Prepared sections were placed in dlhO then oxidized in 1 % aqueous periodic acid for 
5-10min. This was followed by a 5min wash under running H20 and ri nse in dFbo. 
The sections were treated with Schiff reagent for 15min followed by a I Omin wash 
under running H2(). Before being mounted, the sections were counterstained with 
haemotoxylin for 5min then dehydrated. PAS positive (bright red); Nuclei (blue); 












Data are given as mean ± SD, and the differences were tested using an unpaired 












1.4.1. An outbreak of pinworm identified type 2 immune 
responses protective 
Irregularities in some of our experimental results Jead to the isolation and 
identification of a GI nematode in one of our specific parasite free (SPF) animal 
facilities. An outbreak of pinworm. later identified by its bulb-like esophageal 
morphology as S. ohvelata was collected from the cecum of mice housed in this unit. 
Counting of worms showed that inbred BALB/c and C57BLl6 mouse strains could 
well control the infection with parasite loads below 50 worms (Fig. 1.7). No worms 
were observed in I 29/Sv wild types, despite pinworm-specific anti-sera (Fig. ] .8E-H), 
which may indicate increased resistance in this mouse strain. Mice deficient for type 2 
responses were chronically infected harboring approximately 1000 or more 
nematodes. Interestingly however, was the significantly low worm recovery from 
BALB/c J L-4-/- mice to that observed in the absence oOL-13 responsiveness (IL-13 , 
ILA/13-f- and IL-4Ra-/- mice). Although these mice had fewer worms, the parasite 
load was significantly higher than the BALB/C controls suggesting that lLA plays a 
role in chronic pinworm infection (Fig. 1.7). In contrast, type 1 deficient mice, 
IFN-yR-1- and lL-12p40-/-, were less susceptible with similar worm loads to that found 
in the inbred strains. The results here suggest that type 2 immune responses elicit 











1.4.2. Isotype specific antibody response to mice naturally 
infected with S. ohvelata 
Sera from naturally infected mice were assayed by ELISA to establish the specific 
antibody isotype response to S'. ohveluta. ILA'/' provoked a type 1 response with 
increased IgG2a and IgG2b and low levels of specific-IgG 1 and total IgE when 
compared to the BALB/c wild type (Fig. I.SA-D). BALBIc and IL-l }'/. mice 
responded with a mixed type I/type 2 antibody response. All 4 isotypes were elevated 
in these mice (Fig. I.8A-D). C57BLl6 and IL-12p40'/- mice induced a type 1 antibody 
response with a marked increase in IgG2b production. These strains produced 
moderate levels of S obvelata-speciHc IgG 1, IgG2a and total IgE (Fig. I.SE-H). 
129/Sv and IFN-yR-/- mice induced a mixed lypel/type 2 responses with increased 
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Figure 1.7. Naturally infected mice maintained in a conventional animal facility. (A) BALB/c, (8) 129/Sv 
and (C) C57BLl6 were the inbred mouse strains used in this study. (D) Syphacia obvelata susceptibility of 
naturally infected mice maintained in a conventional animal facility. Results are expressed as means of the 
number of worms found in the cecum. *, p < 0.05; **, p < 0.01, significantly different from BALB/c. In 
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Figure 1.8. Antibody isotype profile. Sera from pinworm infected mice were assayed by an end-point 
titration ELISA to determine their antibody isotype response. Mice on different genetic backgrounds 
became naturally infected in one of our SPF animal units. Results are expressed as means of absorbance at 












1.4.3. Syphacia obvelata resistance is lL-4Ra-dependent 
The importance of IL-4 and IL-13 mediated functions in the expUlsion of S. ohvelata 
was investigated in an experimental infection modeL BALB/c and lL-4Ra-l - mice 
inoculated with 500 S. ohvelata eggs were killed weekly and their cecal contents 
analyzed. RALB/c mke induced a resistant phenotype evident by the low worm 
burden observed during a primary S. ohvelala infection. The later worm recovery, day 
postinfection (Fig. 1.9), possibly rellects a challenged infection as adult worms 
require 11-15 days to mature 198. Conversely IL-4Ra-l- mice became chronically 
infected with significantly increased worm loads at day 28-35 postinfection. These 
mice were unable to expel the nematode and developed a chronic infection. I-Ience, we 
have demonstrated that resistance to S. ohvelata is ILARa-dependent since the 
absence ofth1s receptor rendered mice highly susceptible. 
1.4.4. Endogenous IL-13 and not IL-4 is the dominant 
cytokine eliciting protection 
To closer dissect the roles of IL-4 and IL-13, gene-targeted mice deficient in ILA, IL-
13, IL-4Ra and double deficient 110-4113 were infected with S. ohvelata eggs and 
analyzed a1 day 35 postinfection. In the absence of the IL-13 cytokine (IL-l and 
[L-4113-1-) and its responsiveness (IL-4RrJ. ~/-) mice became chronically infected with an 
uncontrollable parasite burden to that observed in wt (Fig. 1.10). [n contrast, ILA-1-
mice demonstrated resistance with a similarly low worm load as observed in the 
BALBIc controls. The results shown here clearly demonstrate that Il,~] 3 is the 
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Figure 1.9. Worm burden of an experimental infectious model. Mice orally inoculated with 500 S. 
obvelata eggs were monitored weekly for worm burden. *, p 0.05; **, p <0.01, significantly different 
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Figure 1. Ill. I L-4 and IL-13-mediated functions induce protective immunity to S. ohvelata. BALB/c, 
IL-4+, 110-13-1-, I L-41 I 3-/- and IL-4Ra-l- mice were infected orally with 500 S. ohvelata eggs and 
monitored 35 days postintection. Results are expressed as means of worm burden. *, p < D.05; ***, P 












1.4.5. S. obvelata induces a Th2-type immune response 
To investigate the Th immune response induced to S. obvelata we established the 
kinetic of cytokine production in the mesenteric lymph node (MLN) and spleen cells. 
Cells collected weekly were restimulated for 96hrs in vitro with anti-CD3, 5,'. obvelata 
Ag and Con A and assayed by ELISA. Anti-CD3 stimulated splenic T cells from 
BALB/c mice produced a peaked cytokine response at day 7 postinfection which 
rapidly declined thereafter. These mice induced a Th2 response with significantly 
elevated IL-4 (Fig. 1.11 B), 1L-5 (Fig. 1.11 C), IL-9 (Fig. 1.11 D), lL-IO (Fig. 1.ltE) 
and IL-J 3 (Fig. 1.11 F) cytokine production. A transient IFN-y (Fig. 1. lOA) production 
was also evident at this time point. In contrast, IL-4Ra·l . mice provoked a Th I 
response with an increase in IFN-y production and lower secretion of Th2 cytokines. 
Surprisingly, Th responses in the M.LN were lower (IL-4 and IFN-y) and non-
detectable (IL-5 and IL-13) to that observed systemically (data not shown). In 
addition, cells restimulated with 50 or lOOpg/ml S. ohvelala Ag produced lower 
cytokines responses suggesting that the nematode might modulate immune responses 
(data not shown). 
Parasite-specitic [gG isotype responses reflected the polarized Th response observed 
in RALH/c and lL-4Ra-l - mice respectively. BALB/c mice produced a mixed type 
J/type 2 response with increased IgGl (Fig. 1.12A) and IgG2b (Fig. 1.12B) antibody. 
Conversely, a type 1 immune response was demonstrated in IL-4Ra mice with 
elevated IgG2b (Fig. 1.12B). Total JgE responses were not induced in either wild type 





































Figure I.ll. Immune response to helminth in BAUVc and IIARcx'/' mice. (A) IFN-y, (Il) IL-4, (C) 
IL-S, (D) HA, (E) IL-IO and (F) IL-l3 production by anti-CD] stimulated splenocytes from S. 
ohve/ala infected BALB/c and IL-4Ru'/' mice. *, p 0.05, significantly different from naIve. One 
representative of two experiments is shown except for IL-9 and [L-lO which was only analyzed once. 
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Figure 1.12. S. ohvelata-specific IgG I (A) and IgG2b (8) levels. Sera collected from infected and non-
infected mice were analyzed by an end-point titration ELISA at day 0 and 35. Results are expressed as 
means of absorbance at 405/492111n. One representative of 3 independent experiments is shown. Total 
kinetics (C) to mice infected with S. ohvelata. Results are expressed as mean concentration 











1.4.6. Eosinophilia, mastocytosis and goblet cell hyperplasia 
To evaluate the effector mechanisms induced to expel S. obvelata we assayed Th2-
assocaited eosinophilia, mastocytosis (mMCP-1) and goblet cell hyperplasia in a 
kinetic experiment. Blood and tissue samples from S. obvelata infected BALH/c and 
JL-4Ra- l- mice were analyzed for qualitative and quantitative responses. BALB/c mice 
showing complete clearance of worms by day 21 postinfection induced no significant 
eosinophilia, mastocytosis and goblet cell hyperplasia. In contrast, IL-4Ra-l - mice 
showed a signil1cant increase in eosinophilia week 4 postinfection Crable 1.1), which 
correlated with the heavy worm burden observed at this time point (Fig. 1.9). Tissue 
mMCP-l levels as well as goblet cell hyperplasia showed no induction throughout the 
infection (Table 1.1). 
Table 1.]: Eosinophilia, mastocytosis and goblet cell hyperplasia in response to 
,5)phacia obvelata infection 
Analysis Strain Week 
0 2 3 4 5 
Peripheral 
BALH/e 200± 191 281 ± 109 169± 85.1 87.5 87.8 244 114 125 + 45.6 blood 
eosinophilia" 
IfARc(-'" 66.2 i 59.2 WOo 73.6 [[2±777 125 [ 17 L75_:!]Hl~ 288 ± 111 
BALllIc 18.3 5.55 lL9,C2.l6 43.5 ± 40.7 12.J±S.28 102 L54 ns ± 10.2 
BPei' IL-4Ru!- 13.4 ,1,0_68 15.4 I2.11 IVi.± 6.66 10.7± 2.94 liLU:_QL!i!l.!. 16.5 ± J.()\ 
mMCP-l h BALB/c 7.40," 3.82 11.2 4.29 14.6 ± 9.37 14.6 ± 7AO 20.5 ± 14.0 [7.3 8.19 
(104) 
IL-4Rn-f - 1.42 0.0& 0.92 ± 0.47 0.&4 ± 2.72 0.603: 3,06 2.92 [J() 8.05 607 
Goblet cell BAIBIc 287 + 73,7 199 64.8 279± [15 
II.AR(t _I. 2 \(H: 47.3 206 493 230 ~ 110 hyperplasia" 
a Peripheral blood eosinophilia was quantitated as the number of cells/ml of blood. Blood was collected 
from the tuilvein and diluted (I: 10) in Discombe's solution, which was prepared by mixing I volume of 
I % aqueous eosin Y with I volume of acetone and 0.1 M EDTA, and finally diluting I: lOin water 21') 
bEosinophil peroxidase (EPO) and mOllse mast cell protease-I (mMCP-l) was assayed from the colon of 
S ohvelata infected mice 
C PAS stained colon sections were examined under a light microscope for mucus producing goblet cells. 
The effector response was measured as the number of mucus producing goblet cells!2-4 colonic mucosa. 
Results are expressed as the means from independent experiments *, p < 0.05, significantly different from 
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1.4.7.IL-13 signaling via IL-4Ra on macrophages, T cells 
and smooth muscle cells are not required for 
protection against S. obvelata 
After identifying IL-13 as the dominant cytokine signaling through IL-4Ra, we 
investigated which cell types expressing this receptor are important in initiating 
expulsion against S, obvelata. Using cell-specific gene-targeted mice deficient for IL-
4Ra, we assessed the worm burden of mice at day 35 postinfection. Globally deficient 
IL-4Ra mice were increasingly susceptible harboring high parasite loads to the 
BALB/c controls. All cell-specific [L-4R(x deficient mice elicited a resistant 
phenotype with a low worm recovery. Surprisingly mice devoid of IL-4Ra on smooth 
muscle cells showed complete clearance of pinworm in 35 days postinfcction. These 
results showed that signaling of IL-4Ra on macrophages, T cells and smooth muscle 
cells (SMC) play no significance in the expulsion of the nematode. 
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Figure 1.13. S. ohvelala worm burden in cell-specific gene-targeted mice. Macrophage, T cells and 
smooth muscle cells delicient for IL-4Ra were inoculated orally with 500 pinworm eggs and analyzed 
al day 35 postinfection. *, p< 0.05, significantly different from globally deficient ILARc( mice, Three-












Experimental murme models are important in providing an understanding of the 
factors contributing to resistance or susceptibility to diseases in both human and 
domesticated animals 222. In order to understand host responses specifIc to a model 
disease il is imperative that experimental animals are kept in a pathogen free 
environment. The importance of sterility in housing and transporting laboratory 
animals is sometimes underestimated, which potentially increase the vulnerability of 
mice to adventitious pathogens 223. In this study, we demonstrated the consequence of 
an outbreak in a transgenic mouse facility by a common and highly contagious mOllse 
parasite, pinworm (8 obvelata). All mOllse strains maintained within one of our SPF 
facilities were severely and chronically infected. 
The degree of infection with S. obvelata was dependent on the mouse strains 
involved. Several inbred mouse strains (BALB/c and C57BLl6) and mice deficient for 
type 1 cytokines (lFN-yR+ and IL-12p40-1-) were able to expel the worm and had low 
parasite burdens following infection. 129/Sv wild type mice showed complete 
resistance harboring no worms. Whether these mice rapidly expelled the Of nematode 
or completely inhibited its establishment within the cecum and colon would require 
fUliher investigation. Nevertheless, mice deficient for the IL-4Ra, became severely 
and chronically infected, harboring approximately 1000 plus cecal dwelling worms. 
Resistance was mediated by IL-I3 as mice deficient for the cytokine were highly 
slIsceptible and comparable to IL-4Ra del1cicnt or IL-4IIL-13 double deficient mice. 
A similar IL-4-independent but IL-I3-dependent role has been documented in N. 
brasiliensis infection 224,225 and highlights the important role of IL-l3 in nematode 
infection. 
In this study, all nllce infected with Syphacia obvelata, including those naturally 
infected, consistently produced IFN-y class switching isotype antibody, IgG2b. 
Detectable levels (A >0.2) above naIve controls were independent of mouse genetic 
background. Antibody production in transgenic knock-out mice infected with the OJ 











dependent. Mice deficient ofIL-12p40 provoked a more pronounced IgG2b antibody 
response (Fig. 1.8G) than that observed in 1L-4-I- mice (Fig.I.8C and Fig. 1.12B), This 
however is highly unlikely as the cytokine IL-12 is known to activate macrophagcs to 
produce IFN-y, responsible for IgM antibody class switching to IgG2a and IgG2b 
isotypes. In addition, an increase in IL-12-independent IgG2a was not observed and 
[gG2b antibody production was only shown in the one natural experiment. A more 
stringent analysis to conclude these findings would be required. It is important to note 
that pinworm antigens are not responsible f()r the IgG2b isotype antibody 
rroduction, as gravid females migrate down the colon to deposit their eggs on the 
perianal region of their host. Deposition of eggs is triggered by the onset of air from 
the external environment 19S. 
Dai et al. (2001), studying Echinococcus multiocularis (alveolar echinococcosis) 
demonstrated that the major lectin-binding carbohydrate antigen of the helminth 
induces an IgG response independent of ap+ CD4+ T cells 226, The metacestode stage 
used in infectious studies consists of an inner, germinal layer representing the live 
parasite tissue and an outer, acellular laminated layer (LL) surrounding the entire 
metacestode. The LL has been suggested to protect metaceslodes from the host 
. 227 Y)8 E h' I' I . . c . 'd b h . IInmunc response '--, c lnOCOCCUS mu {lOell ems InlectIOn In uces ot parastte-
specifiC cell mediated and humoral immune responses 228. Cellular immunity plays an 
important role in E. multiocularis protection and is characterized by the development 
of intrahepatic granulomas surrounding the parasite tissue 228. Disease regression as 
well as progression, in both human patients and rodents correlates with a course-
specific granuloma cell composition and induction of antigen-specitic T-cell 
J19-nj A 'b d h' d' . h' , responses _k -', nt1 0 y synt eSIS an Isotype SWltc mg reqUIres a cognate 
interaction between antigen-specific B cells and major histocompatibility complex 
class II (MHC II)-restricted ap+CD4+ T cells 226, However, there is evidence that B-
cell activation and IgG antibody response can take place in the absence of T-cell help 
and do not require CD40-C040L interactions 232,233, Antigens that stimulate antibody 
production in the absence of MHC II-restricted T-cell help are classified as T-cell-
independent (TI) antigens 232,234 and are divided into two groups namely; Tr type 1 
(TI-]) and Tl-2 antigens. Lipopolysaccharide (LPS) is a TJ-1 type antigen, which 












EM2 (G 11) from E', multiocularis is not cognatively recognized in the context of 
MHC II restriction elements but are capable of stimulating antibody production in 
nude mice but not in xid mice. Peripheral B cells from xid mice arc functionally 
impaired and are unresponsive to activation by mitogenic anti-Ig and Tl-2 antigens 
235,236, TI-2 antigens are high molecular-weight polysaccharides containing multiple 
identical antigentic epitopes and demonstrate low in vivo degradability 226. The 
tegument of Syphacia obvelata might well be composed of such carbohydrate 
molecules, in addition to excretory/secretory antigens which would explain the type 1 
antibody response observed with IL-12p40-t- mice. An analysis of the constituents 
comprising the tegument surrounding S. obvelala could provide a more plausible 
explanation to the IgG isotype antibody response. It should be noted that the emerging 
interest in pattern recognition receptors of mammal cells have demonstrated that 
carbohydrate molecules coating Gf nematodes playa vital role in their early detection 
by the innate immune response supporting our notion of such antigen within 
pmwonn. 
S', ohvelala infection induced a transient Th2-1ype response, leading to a dominant 
type 2 accompanied antigen-specific B cell response, with high IgO 1 antibodies, As 
expected from previous helminth infections, observed Th2 responses were IL-4Ru 
dependent with a shift towards Th 1 responses (Fig. 1.11). Nevertheless, residual IL-
4Ru-independent Th2 responses have also previously been published in other systems 
237-240. A striking observation was the absence of an increased polyclonallgE antibody 
production during a primary S. ohvelala infection. Polyclonal IgE synthesis is a 
hallmark response of nematode infections. Antigen-specific IgE responses were low 
in mice infected with 500 However, elevated polyclonal IgE production was 
demonstrated during continuous reinfection (Fig. 1.8D), The moderate response 
observed here, could be correlated to the low IL-4 production as lL-4 mediates fgE 
isotype switching 241. In contrast, to N. hrasiliensis where as little as 6 infective larvae 
are able to induce an IL-4 response in the draining MLN 242, S. obvelata induced only 
11 very low response in the lymph node (unpublished data), despite infection with 500 
Also, anti-CD3-restimulated spleen cells resulted in modest IL-4 production 












Immunomodulatory effects can broadly be divided in two overlapping subgroups: the 
induction of immunomodulatory cell types and the production of parasite-derived 
immunomodulatory molecules 54. These mechanisms target key parts of the host 
immune system to avoid parasite destruction with minimal compromise to host 
survivaL In our study, antigen-stimulated mesenteric lymph node cells draining the 
intestine where pinworm resides provoked a poor cytokine response. Both 1'h I (lFN-
y) and 1'h2 (IL-4, IL-5 and IL-l3) cytokine production was low in cells stimulate with 
parasite antigen and anti-CD3 T cell mitogen respectively. The Th immune response 
was more pronounced in spleen cells stimulated with anti-CD3 (Fig. 1.11). 
The high concentration of S. obvelata antigen draining the mesenteric lymph node 
could explain the reduced cytokine production which upon reaching the spleen was 
diluted enough to induce a Th2 immune response. The concentration of pinworm 
antigen and whether this correlates with the reduced cytokine response in the lymph 
nodes would require further experimentation. To induce an effective adaptive immune 
response antigen processed by APC is needed to present the antigen to T cells in the 
context of MHC class II. Several steps in this process are mediated by cysteine 
proteases which are involved in the initial degradation of proteins in the endosomal-
lysosomal compartment of the APe. Cysteine protease inhibitors or cystatins 
produced by nematodes are becoming more evident, interfering with the processing 
pathway 243. Dainichi et aI. demonstrated that a cystatin isolated from the GJ 
nematode N. brasiliensis inhibits the processing of ovalbumin by lysosomal cysteine 
proteases 244. A similar cysteine protease inhibitor has been identified in Haemonchus 
contortus 245. Other protease inhibitors common to Gl nematodes act to modulate the 
end stages of host immunological effector responses (mastocytosis), which we 
demonstrated was not induced in either S. obvelata resistant (HALB/c) or susceptible 
(JL-4R(~-I-) mice (Table 1.1). In accordance with our S. obvelata experimental modeJ, 
the potential of disarming potent chemical mediators is not known, but protease 
inhibitors have been characterized and an immunomodulatory role proposed in 
Trichuris suis 246, Ascaris 247,24X and Ancylostoma ceylanicum 249 nematode infections. 
Interestingly, we showed that antibodies directed against pinworm antigens cross-
reacted \vith N. brasiliensis homogenates which suggest that the nematodes share 











nippocystatin (NbCys) could possibly explain the immunomoduJatory effects 
observed in our studies with S. obvelata infection. Parasite cystatins have been shown 
to have immunomoduJatory effects. The downregulation of T-Iymphocyte 
proliferation was shown in two independent studies with recombinant cystatin. 
Recombinant cystatin from the tilarial parasite Acanthocheilonema viteae induce a 
non-specific suppressive effect 250 whereas recombinant NbCys showed only 
suppression of specific T cell proliferation 244, Recombinant cystatin from N. 
hrasiliensis similarly produce less Thl and Th2 Ova-specific cytokines as observed 
with S. obvelata infected mice (Fig. 2.7) immunized to ovalbumin. 
The three common effector mechanisms, eosinophilia, mastocytosis and goblet cell 
hyperplasia are characteristic features of infection with GI helminths. Their individual 
roles in the expulsion of nematodes have intensively been investigated. However, the 
precise nature of their role in worm expulsion remains to be defined. Studies showing 
a correlation between effector responses and parasite expulsion include Strongyloides 
venezuelensis and Trichinella spiralis, which are susceptible to the inhospitable 
environment created by mast cells. Similarly, eosinophils known for releasing potent 
cytotoxic and prointlammatory mediators have been demonstrated to protect against 
repeated exposure to Gr parasites, such as T. spiralis. Goblet cell hyperplasia is 
. d . I l' . S' I . i . 171 T . 106 d·r . l' aSSOCIate WIt 1 worm expu SlOn m , trongyOlc es ralfl , . muns an . SpiralS 
172,173 with N. brasiliensis 89.169)70 being the most efficient example, vulnerable to both 
the goblet cell hyperplactic response and a qualitative change in mucin glycoproteins 
2:\1, In our study, mice infected with S. obvelata elicited no significant eosinophilia, 
mastocytosis and/or goblet cell hyperplasia suggesting that none of these effector 
mechanisms dominant at expelling the nematode. The isolated roles of these 
immunological effector mechanisms observed might be inetTective, however when 
acting together they may expel pinworm. 
Although we had identified IL-13 signaling via JL-4Ra as the dominate pathway to 
pinworm resistance, the cells involved in the expulsion of the en nematode remain to 
be determined. Cell-specific gene-targeted mice deficient for IL-4Rcx on T ceJls 
effectively controlled a pinworm infection suggesting that 1L-13 signaling via T cells 












m and as £1,-4 and IL-I3 share a common signaling pathway through the IL-4Ru 
chain, it is suffice to deduce that IL-4IIL-4Ru signaling on T cclls play no role in S. 
ohvelata expulsion. We have already shown that mice deficient of IL-4 cytokinc 
production do not inhibit pinworm expulsion (Fig. 1.10) and that thc cytokine 
possibly plays a role during chronic infection (Fig. 1.7). Previous studics have 
identified a role for alternatively activated macrophages in helminth infection and 
have demonstrated suppression of T cell proliferation 252 and downregulation of Thl 
responses and immunopathology 34. respectively. To determine whether these 
macrophages are of any significance in our pinworm model, I.JysM CfeIL_4Ru,/f1ox mice 
(macrophage IL-4Ru'/' mice) were infected and their wonn burden analyzed. 
Macrophage IL-4Ru'/' mice had no problem controlling the infection expelling a 
significant amount of worms to that observed in mice completely absent of IL-4Ra 
signaling (Fig. 1.13). Inflammation of the GI tract induced by nematode infections is 
accompanied by increased peristaltic movement of the gut and accelerated transit of 
its intestinal contents 162,164. This muscle contractile and propulsive activity recently 
shown to be mediated by Th2 cytokines (IL-4 and lL-13) are believed to dislodge 
parasites already damaged by the effector immune response. In our study, no 
inhibition of pinworm expulsion was observed in smooth muscle JL-4Ra mice to 
suggest that these cells elicit any response associated with worm clearance (Fig. 1.13). 
In addition, eosinophilia, mastocytosis and goblet cell hyperplasia was not induced in 
response to 5'. obvelata infection Cfable J.l). 
Our findings are not surprising as it has been known for sometime that Gr nematode 
expulsion is dependent on type 2 cytokines and that expulsion can occur in thc 
absence of classical effector mechanisms associated with this type of response 
15,]06,253. To unravel this mystery, many research groups have adopted global gene 
profiling and proteomic analyses of intestinal responses associated with worm 
expulsion in an attempt to identity novel type 2 cytokine-dependent immune effector 
mechanisms involved in immunity 254. [n three independent studies using either 1'. 
murls 254,255 or T spiralis 256 infections, the authors identified up-regUlation of a 
number of common epithelial-intrinsic genes which correlated with the period of 
worm expUlsion. These included intelectins, a family of calcium-dependent galactose-












. 258 d h' . d 'h' 1 db' i', • 159·761 protem an mac mery aSSOcIate WIt IOn exc lange an anler JunctIon ~ ~ . 
Pinwonn infections are asymptomatic and few if any have been associated with 
inflammation of the G1 tract The pathogens have evolved well orchestrated 
evasive/suppressive mechanisms and possibly exert minimal parasite-host interaction 
to initiate a robust immune response. Whether these novel molecules and pathways 
associated with the epithelium of the intestine, the niche of S. obvelata, play any role 
in the 1L-13-mediated wonn expulsion is unknown and would required further 
investigation. 
In conclusion, we have shown that S. obvelata induce a Th2-type immune response 
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The prevalence of allergic disease and asthma has increased in the developed world 
over the last 20 years. A phenomenon almost unheard of in developing countries is 
now emerging as health facilities improve within rural communities. Developing 
countries where helminth infections are endemic appear to have reduced allergic 
disease, which have recently been supported by epidemiological and clinical studies 
suggesting an inverse association between helminth and atopy. However, studies 
showing no decrease and in some incidences higher al1ergy amongst helminth-
infecit:d individuals should not be ignored. In our study, we examine the influence of 
the common OJ nematode, Syphacia obvelata on a model of anaphylaxis. BALB/c 
mice sensitized with ovalbumin (Ova) plus alum demonstrated a significant decrease 
in temperature when challenged on day 28 postinfection. The response was more 
pronounced in mice infected with S obveiala with a significant decrease in body 
temperature and increased mortality compared to non-infected mice. Ova-specific IgE 
and JgG] were elevated above residue levels induced by PBS plus alum, but showed 
no ditTerence between infected and non-infected mice. Similarly, no difference in 
mast cell degranulation was observed between the Ova sensitized groups. Notably 
however, was the significant reduction of Th2 cytokines IL-4 and 1L-5 in mice 
concomitantly infected with pinworm. Further analysis of ,S'. obvelata antigen revealed 
both an inhibitory and cytotoxic effect which induced a non-antigen specific response. 
Taken together, these results demonstrate that L)'. obvelata induces a non-protective 












2.2.1. Increasing prevalence of atopic disease 
The prevalence of allergic disease and asthma has increased in the developed world 
over the last 20 years, which is not ret1ected in developing countries I, Clear 
differences have also been noted between urban and rural areas within some countries, 
Presently, the most consistent hypotheses to explain the increasing prevalence of the 
dysrcgulated mucosal Th2 responses that characterize allergic hypersensitivity have 
been framed in terms of reduced or absent stimulation by Th l-polarizcd stimuli 2, 
Often referred to as the 'hygiene hypothesis' this model suggests that the lack of early 
childhood bacterial and viral infections brought about by improvement in vaccination 
and sanitation 3,4 associates with atopy, However, the elimination of chronic Th2-
inducing helminth infections, during the same time period, is virtually ignored by this 
hypothesis, Developing countries where helminth infections are endemic are known to 
have reduccd allergic disease, which have recently been supported by epidemiological 
and clinical studies suggesting an inverse association between helminth and atopy 5,6, 
However, exceptions have also been documented showing helminth infections 
exacerbate allergic disease, These findings suggest that a common genetic 
predisposition in some individuals could render them more susceptible to helminth 
infection and less liable to develop allergies 7, 
Studies that have fcmnd no decrease and in some incidences higher allergy amongst 
helminth-infected individuals 5 are also of concern, Although some heterogeneity in 
the outcome to various helminth parasite species is expected, Yazdanbakhsh and 
colleagues, argues that intensity and continuity of infection are the important factors 
influencing the progression to allergy 7, Low intensity infections can non-specifically 
potentiate the synthesis of IgE antibody against environmental allergens, and thus 
enhance allergic reactivity 8-11, In contrast, heavily infected individuals induce 
excessive polyclonal 19E which suppresses allergic responses by saturating IgE 











suggest a role for regulatory T cells (Treg, CD4+CD2S+ T cens) in the suppression of 
allergy in mice infected with the 01 nematode, H. po(ygyrus 15. In two experimental 
mouse models of airway allergy, H. polygyrus infected BALBlc mice sensitized with 
ovalbumin and C57BU6 mice sensitized with house dust mite allergen Derpl, 
respectively demonstrated depression of airway allergy. Further analysis revealed that 
the protective effect was retarded in mice treated with anti-CD25 antibody suggesting 
the involvement of Treg cells 15. To investigate their hypothesis the authors 
adoptively transferred CD4+ CD2S+ T cells from worm infected, allergen-naIve 
animals to uninfected, allergen-sensitized animals. Frere, CD4 + er)2S' T cells 
transferred suppression of allergy with both antigen-specific and polyclonal IgE 
antibody levels similar to control mice 15. Their result supports Treg and not 
saturation of FcdU receptors on mast cells to induce suppressive allergic responses. 
Ilowever, it is important to note that studies with GI nematodes 5,'trongy/oides 
slercoulis and Nipposlrongyius brasiliensis as well as others has not eliminated the 
possibility that saturation of antigen-specific IgE receptors (FccRI receptors) on mast 
cells do not playa role in suppression of allergic reactions. 
Although] L-l 0 is known to be involved in many facets of allergy downregulation 16, 
the role this cytokine plays in the regulation of allergy remains elusive. Presently, it is 
believed that the increased production of fL-] 0 by chronic helminth infections 
downregulate inflammation induced by allergy. IL-lO and transforming growth 
factor-~1 (TOF-~) are two anti-inf1ammatory cytokines that are upregulated in human 
1>1 .. d l' .. 17-19 1 ,maSIS an sc llstosomlaSIS . 
Here, we examine whether the polarized Th2 response induced by intestinal helminth 














Allergies are reproducible reactions of the immune system against stimuli which are 
innocuous to most people 20. They induce an excessive or inappropriate immune 
response, termed hypersensitivity, which produce tissue damage and may cause 
severe disease. Hypersensitivity reactions were classified into four types by Gell and 
Coombs, and correlates clinical symptoms with immunogenic events that occur during 
II ' . 21 a erglc reactions . 
2.2.2.1 Hypersensitivity - Type I 
Type T or immediate hypersensitivity (Fig. 2.2) is triggered by antigen cross-linking 
preformed IgE antibody that is bound to high affinity IgE receptors (Fcd{l) on the 
sur{~H.:e of mast cells and basophils 22, Conditions associated with Type I 
hypersensitivity include anaphylaxis and asthma. 
2.2.2.1.1 Anaphylaxis 
Anaphylaxis, a severe and rapid allergic reaction, is a systemic disorder of immediate 
hypersensitivity caused by an allergen-specific IgE release of mediators from mast 
cells and basophils 22, It consists of two phases. Upon initial exposure of an allergen 
the sensitization phase is induced (Fig, 1 A), Genetic and environmental factors 
promote a Th2-type response with an excess of specific IgE production. These JgE 
antibodies circulate and rapidly bind FCERI on mast cells and basophils. A second 
exposure of the allergen induces the effector phase (Fig. 2.lB). At this point, 
recognized allergen bound by IgE trigger mast cell degranulation, which leads to the 
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Figure 2.1: Simplified schematic of an anaphylactic reaction . (A) The allergic sensitization upon initial 
exposure of the allergen and (8) allergic reaction to a subsequent exposure of the same allergen. This 
figure has been adapted from Mygind et al. 23 . APC, antigen presenting cell ; IL, interleukin; Ig, 
immunoglobulin; GM-CSF, granulocyte macrophage-colony stimulating factor; ECP, eosinophil 













Asthma is a chronic and debilitating disease, causing swollen and inflamed airways 
that are prone to constrict suddenly and violently 4. Asthmatic patients are often 
atopic, with a genetically increased probability of developing IgE hypersensitivities 24. 
During an asthmatic attack, smooth muscle cells surrounding the airways contract in a 
response called acute hyperreactivity, muclls-producing goblet cells secrete excessive 
amounts of mucus, and the immigration of inflammatory cells into the lungs leads to 
edema and swelling 20. These mechanisms narrow the airways, limit air now and 
cause breathing problems. Episodes of repeated asthma lead to tissue remodeling with 
collagen deposition, hypertrophy of smooth muscle and shedding of epithelia 25. This 
continual reconstruction makes the lung gradually dysfunctional and may lead to 
death 20. 
2.2.2.2 Hypersensitivity - Type n 
Type [[ or antibody-dependent cytotoxic hypersensitivity occurs when antibodies are 
produced against self surf~lce or tissue antigens (Fig. 2.2). These antibodies can trigger 
cytotoxic reactions by stimulating the complement pathway or by facilitating the 
hinding of natural killer (NK) cells 21. A classic example of this type of 
hypersensitivity occurs when a person receives a blood transfusion from a donor with 
a different blood group 26. 
2.2.2.3 Hypersensitivity - Type 111 
T'ypc 1II or immune complex disease occurs when normally removed complexes reach 
excessive amounts and cannot be cleared by macrophages or other cells in the 
reticuloendothelial system (Fig. The accumulation of complexes can lead to 
either a complement or cell-mediated local reaction. Classical diseases involved with 
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2.2.2.4 Hypersensitivity - Type IV 
Type IV or cell-mediated reactions involves delayed T cell-mediated immune 
responses (Fig 2.2). A key characteristic of this hypersensitivity reaction is the time 
required for the delayed-type hypersensitivity T cells (TDTH, specialized subset of T 
cells) to migrate to and accumulate near the allergen, which takes a day or more 26. 
Type I 












Figure 2.2: Classification of hypersensitivity reactions , type I-IV. The figure has been taken directly 
from Platts-Mills 21. IgE, immunoglobulin-E; FCE: receptor, high affinity IgE receptor; K, Ki Iler cells; 











2.2.3 Characteristics of allergens 
Most allergens are proteins ranging in molecular weights sizes trom 10 000 to 40 000 
Daltons. They are characteristically soluble in aqueous solutions but have many 
different biological functions including digestive enzymes, carrier proteins, calycins 
and pollen recognition proteins 21. Allergens are classified by their source, route of 
exposure. and nature of the specific protein. 
The food allergen used in this study, ovalbumin (Gal d 2) is a monomeric 
phosphoglycoprotein with a molecular mass of 43-45kDa and an isoelcctic point (pI) 
of 4.5 27. Although initially classified as the major allergen of egg, ovalbumin (Ova) 
has subsequently been shown to be less frequently recognized by IgE from egg 
allergic patients 27. Progress in unraveling the mechanisms of allergic reactions as 
well as identifying novel hazardous allergens have been made easier with the 
introduction of animal models. Unfortunately, only few animal models reHecting the 
allergenicity of proteins in humans are reliable 28. 
2.2.4 Mouse model 
BALB/c mice are IgE-responding rodents extensively used as a model for allergy 
studies. Exposed systemically over 3-4 weeks, they produce IgE specific for allergens 
from i()od such as peanut, egg, milk and potato 211. IgE-mediated reactions are the 
primary basis for most allergies to food, and are a concern because such reactions may 
lead to death via anaphylaxis 28. 
2.2.4. t Pathways of systemic anaphylaxis in the mouse 
Two pathways of systemic anaphylaxis have been demonstrated in murine models. 
The first, a classical mechanism (1gE-dependent) associated with human allergy is 
mediated by IgE, FcdU, mast cells, histamine, and platelet-activating factor (PAF) 29-











has bcen associated with allergy in humans, repeatedly exposed to large quantities of 
antigen. 
Murine anaphylaxis induced by either pathway develops and resolve within the same 
time and have similar symptoms, although subtle differences have been reported in 
one study 3233. IgE-dependent and IgE-independent systemic anaphylaxis are induced 
by select antigen sensitization and challenge protocols 32. However, the presence of 
antigen-specific IgE antibody and mast cells, required for IgE-dependent anaphylaxis, 
is not the critical factor that determines whether anaphylaxis develops in mice because 
protocols designed to induce sufficient IgG antibody to allow the induction of IgE-
independent anaphylaxis also produce sufficient antigen-specific IgE to mediate IgE-
dependent anaphylaxis. Furthermore, the number of mast cells in non-sensitized mice 
is sufficient to mediate 19E-dependent anaphylaxis 32)4. Instead, the predominate 
dctenninants that influence the induction of 19E-dependent anaphylaxis appear to be 
the quantity of Ag-specific IgG antibody and the quantity of antigen used to challenge 
sensitized mice. Thus IgG antibodies, in addition to mediating IgE-independent 
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Figure 2.3: Mechanisms of systemic anaphylaxis. This figure was taken directly from Finkelman et al. 
35. Cross-linking of antigen-specific JgE or JgG I on either mast cells or macrophages result in their 
degranulation, with the rapid release of mediators such as histamine, PAF and mMCP-1 32.36. ig, 













Helminth infections modulate the host immune response thereby in11uencing the 
phenotype of a concurrent infection. This has well been documented in the laboratory 
and field showing reduced allergic disease in helminth infection and endemic areas, 
respectively. In our study, we investigate whether the asymptomatic pinworm 











2.3 Material and Methods 
2.3.1. Mice 
female BALB/c mIce used at 6-8 weeks of age were maintained under specific 
pathogen free conditions at the animal tacility of the Health Science faculty, 
University of Cape Town (UCT, South Africa). 
2.3.2. Sensitization 
Pinworm infected and non-infected mice were sensitized on day 14 and 21 with an 
intraperitoneal (i.p.) injection of 50pg grade V chicken egg OVA (Sigma-Aldrich, 
USA) and 1.3% aluminum hydroxide (lmject Alum; Pierce, USA) suspended in PBS 
to a total volume of 200p1. Alum is a Th2 adjuvant which facilitates the slow release 
of Ova to induce an allergic reaction 37. Non-sensitized control mice received only 
PBS plus 1.3% alum. Mice were challenged intravenously on day 28 postintection 
with 500pg of Ova per mouse. All mice were bled and tested for S. obvelata-specific 
IgG 1 and IgG2b Abs before each experiment. Consequently, mice were bled before 
the initial sensitization and 50min aiter the challenge. Pinworm-infectcd groups are 
hereafter referred to as Pinworm-infected (Pin) and Pin/Ova-sensitized (Pin/Ova). The 
non-infected control groups are referred to as Ova (positive control) and PBS 
(negative control). In each experiment, there were 3-6 mice per group. 
2.3.3. Temperature curve 
Rectal temperature was measured with a Digital Thermocouple Thermometer (Model 
BAT-12; Physitery Instruments Inc, NJ, USA) immediately after being challenged, 
every 5min for 10min, and then every 10 min for the next 50min. At the same time 












2.3.4. Measurement of Ova-specific antibodies 
Ova-specific IgE and IgG 1 were measure by ELlSA as described previously m 
chapter I. 
2.3.5. Measurement of mouse nlast cell protease-l 
Mouse mast cell protease-l levels in sera were assayed using a mouse MCP-J ELISA 
kit purchased from Moredun Scientific. The EUSA was perfonned as previously 
described in chapter I. 
2.3.6 Syphacia ohvelata antigen 
Worms isolated from infected mice were isolated. crushed, purified and concentrated 
as previously described in chapter 1 material and methods. No protease inhibitors 
were used for antigen preparation. 
2.3.7 Assessment of cytotoxicity 
Cytotoxicity towards anti-IFN-y producing hybridoma cells (Clone: R46A2) was 
estimated by dye exclusion. Briefly, cells were plated in small culture flasks with or 
without 50pg/ml Syphacia obvelala antigen and incubated at 37°C in 5%C02. A 
volume of 451'1 hybridoma suspension was then stained with 5pl trypan blue solution 
(Sigma, USA) and the viabilities expressed as the number of viable cells per 45pl 
hyhridoma supernatant. 
2.3.8 Statistics 
Data are given as mean ± SD, and the differences \vere tested using an unpaired 












2.4.1 Pinworm infection enhance Ova-induced anaphy1axis 
A pinworm outbreak within one of the SPF animal faeilities coincided with some 
irregularities in mouse experiments, among them ovalbumin (Ova)-induced responses. 
In order to experimentally investigate if pinworm infection influences experiments, S. 
obvelala infected and non-infected RALB/e mice were sensitized i.p. at day 14 and 21 
postinfection with 50pg Ova in alum (Fig. 2.4A). Challenge with 500pg Ova Lv. at 
day 28 postinfeetion induced anaphylaetic reactions with a marked temperature drop 
and some mortality in mice (Fig. 2.4B). This phenotype was more pronounced in ,)'. 
obvc/ata infected mice with consistently greater temperature decline than their non-
infected counterparts. Control groups, PBS and Pin showed no change in rectal 
temperature. The result here shows that ,S'.obvelata exacerbates Ova-induced 
anaphylaxis. 
2.4.2 S. obvelata infection does not increase Ova-specific IgE 
and IgG 1 antibody production 
Murine models elicit 2 pathways of systemic anaphylaxis: one mediated by 
Fn:RI and mast cells, and the other via 19O,FcyRIll and macrophages 29.32. To 
determine whether S. obvelata induces an increased production of Ova-spedt1c JgE 
and IgG 1 in mice concomitantly infected and sensitized to Ova allergen, we measured 
the antibody isotype titers by ELISA. Figure 2.5 shows that sensitization with Ova 
increased the production of JgE and IgO 1 antibody in both Ova and Pin/Ova groups. 
The response in these groups was markedly elevated above the PBS and Pin control 












2.4.3 Ovalbumin primed mice concurrently infected with 
S. ohvelata does not induce increase mMCP-t 
Gastrointestinal nematodes are known to induce increased mMCP-l, in the 
bloodstream and intestinal lumen of infected mice 38,39. To determine the hypothesis 
that increased levels of mMCP-l correlated with the enhanced hypothermia in 5,'. 
ohvelata infected mice sensitized to Ova, we evaluated mast cell degranulation. 
Quanti fication of mMCP-l as a measurement of mast cell degranulation was assayed 
from mouse sera collected 50min after anaphylactic challenge. Ova sensitized animals 
showed elevated levels of the mMCP-l significantly above the PBS control (Fig. 2.6). 
Mouse sera from BALB/c mice infected only with S. obvelata and challenged on day 
28 postinfection showed no induction of mMCP-l. This response was confirmed in 
Ova sensitized groups, as no difference in mMCP-l levels was observed in the 
presence (Pin/Ova) or absence (Ova) of S obvelata, suggesting that the helminth does 
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Figure 2.4: S. obvelata influences Ova-induced anaphylaxis. (A) Schematic representation of the 
experimental protocol used for intraperitoneal sensitization of BALB/c mice with Ova-antigen and 
subsequent intravenous challenge. (8) S. obvelata enhances hypothermia in Ova-induced anaphylaxis. 
Rectal temperature was measured using a Digital Thermocouple Thermometer immediately after being 
challenged. The results represent the means ± SO of pooled data from three independent experiments. 
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Figure 2.5: Ova-specific IgE (A) and IgG I (8) antibody response. Sera from infected and non-infected 
mice were collected an hour after challenge and analyzed for parasite-specific antibody in an end-point 
titration ELISA The results are representative of 2 independent experiments. Each point represents the 
average of four to five mice ± SO. 
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Figure 2.6: Degranulation of mouse mast cell protease-l (MCP-I). Sera collected prior to the initial 
sensitization and following the challenged infection were assayed by ELISA for mouse Mep-I . The 
results are representative of 2 independent experiments. Each symbol represents one mouse. 












2.4.4 S. ohvelata infection induce non-protective imntune 
response to Ova 
To examme how the helminth~induced Th2 response might influence allergic 
sensitization to i.p. administered Ova plus alum, spleen cells from both infected and 
non-infected mice sensitized with Ova plus alum were harvested and stimulated with 
Ova in vitro. Restimulated spleen cells produced low levels of Ova-specific IFN-y 
(Fig. 2.7A) and IL-13 (Fig. 2.70) cytokines in all groups. Interestingly however, was 
the marked reduction of Ova-specific 1L-4 (Fig. 2.7B) and IL-5 (Fig. 2.7C) in mice 
infected with pinworm 14 days prior to being sensitized to Ova. This result suggests 
that S. obvelata infection influences Ova-induced cytokine production. 
2.4.5 S. ohvelata antigen induces a cytotoxic and inhibitory 
effect on cells 
We have shown in our anaphylaxis model that a concurrent infection with S. obvelata 
inf1uences experimental results. Noteworthy was the reduced cytokine response of 
spleen cells from infected mice (Fig. 2.7B and C). To determine the mechanism 
employed by the GJ helminth to reduce cytokine production, anti-IFN-y producing 
hybridoma cells were grown in the presence of 50pg/ml parasite antigen. The 
hybridomas proliferated poorly in the presence of antigen with significantly lower 
viable cells than the control (Fig. 2.8A). Examination of the cultures revealed an 
increase in cell debris with a few scattered myeloma cells at 96hrs incubation (Fig 
2.8C). In contrast, cultures grown only in media expanded confluently, forming tight 
celJ clusters reminiscent of 'healthy' monoclonal cell growth (Fig. 2.8B). The 
































Figure 2.7: S. obvelata reduce Ova-specific IL-4 and IL-5 cytokine production. Pooled spleen cells 
were harvested 2 J days after initial sensitization and assayed for Ova-specific IFN --y (A), IL-4 (B), IL-5 
(C), and IL-13 (D). The results represent the means ± SD of pooled data from two independent 
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Figure 2.8: Syphacia obvelata antigen is non-antigen specific inducing both a cytotoxic and inhibitory 
effect on cells. (A) An estimation of the cytotoxicity toward hybridoma cells by dye exclusion. Open 
bars represent hybridoma cells without antigen and closed bar present hybridoma cells with antigen. 
Images on day 4, of anti-IFN-y producing hybridoma cells were grown in the absence (8) or presence 












As infection with pinworm is common in mouse facilities, we investigated whether 
the Of nematode could influence unrelated experiments. This possibility was 
confirmed, as HALB/c mice infected with S. obvelata responded with a more severe 
phenotype in experimentally-induced anaphylaxis compared to sham-infected 
controls. Anaphylactic shock in mice was measured by death and a rapid decline in 
rectal temperature and activity (activity no shown) which can be induced via IgE, 
FCERI and mast cells or IgO 1, F cyRIl and macrophages 32. Cross-linking of antigen-
specific IgE or IgO 1 on either mast cells or macrophages result in their degranulation, 
with the rapid release of mediators such as histamine, PAF and mMCP-I 32,36. In this 
study, mMCP-l was measured to indicate the degranulation of the etlector cells as the 
protease was more stable and as it was more cost effective than histamine. 
Nevertheless, histamine and PAF possibly explain the symptoms observed in response 
to Ova and should in future be analyzed to access their roles. Previous studies have 
shown that the vasoactive mediators (histamine and PAF), act on target cells 
increasing vascular permeability, which causes hemoconcentration by permitting 
vascular fluid to leak fi'om capillaries and venules, while retaining blood cells 40. T'he 
resulting decrease in vital organ perfusion is the principal cause of symptoms that 
characterize murine anaphylaxis 34. Syphacia obvelata which induces a Th2-type 
response (chapter I), enhanced the anaphylactic response to Ova in BALB/c mice, 
eliciting increased hypothermia and mortality. However, Ova-specific IgE and IgO 1 
as well as mMCP-l levels showed no significant difference in Ova sensitized mice in 
the absence or presence of a worm infection. As a result, the hypothesis that an 
enhanced Th2 response was stimulated in the presence of both worm and allergy, 
subsequently resulting in an increase of mast/macrophage degranulation seems less 
plausible, IL-4 and lL-l3 exacerbate anaphylaxis by increasing the sensitivity of 
vasoactive mediators 34. However, S. obvelala infected mice concomitantly sensitized 
to Ova plus alum elicited lower levels of Ova-specific ILA (Fig. 2.613) and fL-5 (fig. 
2.6 C), while IL-l3 was undetectable (Fig. 2.6D) during in vitro restimuJation. This 
observation reiterates that a 'super' Th2 response was not the cause of the enhanced 












The ability of helminths and their antigen to modulate allergic responses has well 
been documented. The interaction between helm inth and aUergy depend on a few 
variables: phase (acute or chronic) of helminth infection, parasite load and species of 
helminth 41. Acute helminth infections may increase manifestation or allergy as a 
result or the Th2 immune response elicited by the worms, suggesting that the helminth 
predispose individuals to allergic reactions. However, an enhance Th2 response (super 
Th2) was not induced in mice primed with ~)'. ohvelata prior to being sensitized to Ova 
plus alum. This was shown by a reduced Th2 response (reduced Ova-specific .IL-4 
and 1L-5). A heavy parasite load can also be excluded as the cause of 
immunomodulation because BALB/c mice were shown to harbor low worm burdens 
throughout the course of an infection. 
Donnelly et al. have previously shown that helminth proteases, which exhibit 
significant homology with known allergens, can manifest allergic reactions in the skin 
and the respiratory tract 42. The cysteine protease of house dust mite, Der 1') 1, the 
aspartic protease of cockroach, Bla g2, the serine protease of Aspergillus fumigatus 
and the bacterial subtilisins are all m(~ior allergenic molecules responsible for asthma 
and atopic disease 42. These proteases have been documented to induce Th2-driven 
inllammatory responses in airways by disrupting the epithelial cell junctions so that 
these, and other molecules, gain access to, and alter the function of, underlying cells 
of both the innate and adaptive immune system. Helminths produce proteases to gain 
entry into their hosts, and to feed on and migrate through tissue. Therefore, it should 
come as no surprise that S. ohvelata proteases may induce the altered responses 
experienced in pinworm infected mice concomitantly sensitized to ovalbumin. These 
molecules may also be responsible for the cytotoxic and inhibitory effects we showed 
with ant-IFN-y producing hybridoma cells. The myeloma cells grew poorly in the 
presence of S. obvelata antigen and showed profound cell death from day 3 onward. 
Like IL-4 which enhance the severity of anaphylaxis by increasing the efl-ects of 
vasoactive mediators 34, it is possible that S. obvelata worms induce the same 
response, which would induce the hypothermia observed in our study. Syphacia 
ohvelata proteases although not identified yet, may have acted directly or indirectly to 
increase vascular permeability and induce anaphylactic shock. This hypothesis would 











Immunosuppressive elTects from helminths and inhibition of allergic reactions was 
previously shown during immunization with Ascaris suum extract 43, and 
lIeligmosomoides polyp,yrus 2 infection studies with IL-lO the responsible suppressive 
{actor. 'rhe role of 11,-10 in dowmeguJating allergy remains elusive but has been 
associated with reducing inflammation induced by al1ergy 17-19. Syphacia obvelata 
induces an early production of IL-I 0 day 7 postinfection (Fig. 1.11, chapter J) but 
whether this cytokine is responsible for the reduced Ova-specific IL-4 and IL-5 
production would require further investigation. 
Proteases inhibitors discussed in chapter I may also account for the reduced cytokine 
production observed in our allergy model. 
Although this could explain the reduced Ova-specific cytokine production, it does not 
account for the increased cell death of myeloma cells shO\\/n in Figure 2.8 (Chapter 
II). We sllspect that the amount of 50,ug/ml pinworm antigen might have been toxic 
and that a titration of the antigen would rule out this possibility. If 50pg/ml pinworm 
antigen is toxic on cells, it would explain why the mesenteric lymph node and spleen 
cells stimulated with antigen ex vivo produced such low cytokine levels. 
Immune evasion mechanisms used by nematodes to affect host immunity are not 
uncommon 44 and have been shown in studies with T. spiralis, H. polygyrus 45-50, N 
brasiliensis:; l, and A. SUlim 52-54. This ability of nematodes to skew disease outcomes 
have been highlighted by the hygiene hypothesis with studies showing lower 
prevalence of allergies in helminth-infected populations 55-57. However, not all 
experimental models support a protective response 5, including the observed increased 
anaphylactic shock in pinworm-infected mice. It is well possible that other t~tctors, 
like intensity and continuity of infection 7, or the above discussed proteases and 
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With the advance oftechnojogy, new specialized mouse strains are rapidly developed and 
easily transported globally. As a result, overcrowding of research animal facilities is 
threatened by adventitious infections with the potential of influencing experimental 
results. It is therefore of utmost importance that surveillance of such threats accurately 
and rapidly be diagnosed and controlled. Using the Enzyme-linked Immunosorbent assay 
(ELISA), we established an optimal pinworm-specific antibody detection system, to 
simply and easily detect the 01 nematode in a mouse colony. In this study, we 
demonstrated that 5pg/ml c";yphacia obvelata antigen as coating concentration elicited a 
IOOO-foid better binding specificity than either lower or higher concentrations, in an 
indirect ELISA. We established an arbitrary standard for quantification and showed that 
the hyper-immune serum is non-specific to most parasite antigens with the exception of 
Anisakis pegrcrffii and Nippostrongylus brasiliensis. We developed rabbit poJyclonal anti-
S. obvelata antibody showing their increased sensitivity in detecting pinworm both in an 
indirect and direct ELISA. Furthermore, we generated monoclonal antibodies to S. 
obvelata somatic antigen which proved limiting for serodiagnosis. Nonetheless, 4 
antigenic proteins were identitied for future analysis as potential candidates for detecting 
,\' obvelata infection. In conclusion, we have shown that the optimized ELISAs 
established in this study are sensitive and can be used as diagnostic tools for detecting the 












In the previous chapters we discussed the pervasive problem of pinworm, addressing the 
immune response induced by the GI nematode and the consequence of such an infection. 
It is important to emphasize the risks of introducing adventitious infections as the global 
exchange of animals and animal products increase among laboratories I, Equally 
concerning is the increasing availability of genetically engineered mice, whose responses 
to infection and disease can be unpredictable, adding to the already overwhelming 
problem. These specialized mouse strains continue to be developed with the advance of 
biotechnology, significantly adding to the size of institutional rodent colonies and the 
complexity of rodent health care I. In a study investigating the burden of adventitious 
pathogens in SPF mouse colonies, the authors reported the presence of infectious agents 
in 10-35% of the research institutions investigated. Prevalence was as expected, higher 
among non-SPF mice with pinworm reported in 70% of institutions housing rodents 
under these conditions. Hence, the prevention and elimination of threatening infections 
among valuable, densely housed rodents, such as transgenic mice, require regular testing, 
appropriate housing, rapid diagnosis, and control of possible outbreaks. 
3.2.1. Diagnostic detection and identitication of potential 
pathogens 
Today variolls methodologies are used to identify potential pathogens in laboratory 
animals. The most direct evidence is the culturing of an organism from a tissue or 
oiological specimen. What determines the technique used, depends on a number of 
!~letors including the type of organism, the fastidiousness of the organism, the 
immunological status of the host, the tissue or site of localization of the organism in the 
host, and the particular tests that have been developed to detect and identify the organism 
1. In the case of pinworm, 3 well known techniques are routinely used. The cellophane 











'['he disadvantages of these methods are that they require trained staff to identify and 
isolate the eggs and worms of the nematode. For positive identification, these methods 
require 3-5 consecutively collected samples taken early in the morning. Furthermore, 
resistant mouse strains (BALB/c, C57BLl6, 129/Sv) which rapidly expel the worm can 
easily be misdiagnosed. l'he third technique, Stahl's method 4, provides direct evidence 
of pinworm infection by visualizing the worm in the cecum of the host. This method has 
proven ideal for isolating infective eggs and generating parasite antigen (Ag). As a 
diagnostic tool however, Stahl's method is least favorable, since it requires mice to be 
ki lied for analysis. Although possible, misdiagnoses of pinworm in resistant mice are less 
likely using this method. 
Directly identifying pathogens in their niche would be the standard diagnosis with which 
to control any potential problem. Nevertheless, this is not always possible and alternative 
techniques equally sensitive have to be used. Serology, as an analytical tool lIses the in 
vivo antibody (Ab) response to measure and detect, in vitro, the response to Ags. This 
method is quite attractive for diagnosing whether mice are or have previollsly been 
infected with pinworm. Diseases of the digestive tract as in the case of pinworm 
infections are not always observed clinically. This can partly be explained as the more 
serious effects of these pathogens are evident only in the very young i.e. neonates and 
sucklings 5. Accordingly, wean lings or young adults (4-6months old) may show no 
clinical signs when delivered to the researcher 5. They will however be protected against 
inlections by antibodies passed through their mother's colostrums 6,7. At weaning, this 
protection is lost 8 and mice become susceptible to pathogens in their environment. SPF 
animals ideally should have no protection against infectious agents provided they are 
housed correctly. The initial immunoglobulin response mounted by infected weanlings is 
an JgM response, which lasts for days or weeks 9. This response eventually becomes 
primarily IgG after the first week or 2 and continues for months or years particularly in 












3.2.1.1 Quantitative analysis 
The Enzyme-linked Immunosorbent assay (ELISA) is one of the most widely used 
serological tests for Ab and Ag detection ll, Gfthe two basic forms; the direct (sandwich) 
ELISA is used for the detection of Ag, whilst the indirect ELISA has proven useful in 
detecting Ab, As a diagnostic tool, the ELISA is simple, flexible, reproducible, sensitive 
(ng/ml range), uses stable reagents (alkaline phosphatase conjugates typically lose only 
5% to 10% of their activity per year) 12, does not require radiation procedures and is 
relatively inexpensive 1 • 
T'he ELlSA is a powerful assay which combines the properties of antigen-antibody 
interactions with simple phase separations to detect biological molecules 12, The 
multivalency of antibodies allows the formation of stable Ag-Ab complexes which can 
easily be measured. Based on the design of the assay, capture reagents initiates the 
binding of Ag-Ab complexes and enzyme conjugates onto a solid phase, Any unbound 
reagents arc easily washed away allowing the bound conjugate to be visualized by adding 
substrate which produces a detectable product, when hydrolyzed by the conjugated 
enzyme, Important is the stability of the enzyme, which continually acts on substrate 
resulting in the amplification of the reaction I, The colored product produced is 
proportional to the Ab bound within the limits of the optimized assay. Unfortunately, 
detection 0(' an Ab response generally requires between 1-2 weeks to produce detectable 
Ab levels I, Despite this drawback, pinworm-specific ELISAs will allow researchers to 
test whether their mice had been exposed to the nematode prior to (under SPF conditions, 
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Figure 3.1: Schematic diagram representing the universally used indirect and direct ELlSAs for antibody 
and Ag detection. This figure was taken directly from Coligan 12,14. 
Critical parameters of the ELISA include its sensitivity, which depends on the antibodies 
used. Impurities fc)Und in most Ags can bind non-specifically to immunoglobulin 
produced from autoimmune responses 15, Also, naturally circulating antibodies in a host 
could cross-react with the impurities 01' Ag itself: resulting in false absorbance readings. 
There is also the possibility, although infrequent, of excess binding in certain wells. The 
binding ability of most ELISA plates is due to irradiation of the polystyrene surface, thus 
any variation in the intensity could lead to non-specific wells which bind excess Ab or Ag 
16. An optima! ELISA uses Ab with high affinity and specificity in order to eliminate 
non-specific binding and cross-reactivity. Direct (sandwich) ELISAs are the most 
sensitive. detecting protein Ag concentrations between 100pg/ml to lng/ml while indirect 
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3.2.1.2 Antibody-Antigen interaction 
Antigen binds to an Ab within the variable region (Fig. 3.2). This antibody-antigen 
interaction is a dialogue between the Ab's binding site and the region on the Ag to which 
it binds, known as the epitope. Two different types of epitopes have been classified. The 
first type is a linear or continuous epitope where recognition is based primarily on the 
amino acid sequence with very little effect of conformation. The second type is 
conformational where the secondary, tertiary and quaternary structural elements of a 
protein bring together sometimes quite distant regions of the polypeptide chain. This type 
of binding is limited when proteins are unfolded. 
hu'VY chain 
Figure 3.2: The Y -shaped monomer of an immunoglobulin molecule which consists of two identical heavy 
chains and two identical light chains. This figure was taken directly from http://www.bioscience.drexel.edu 
17 
3.2.1.2.1 Stages involved during antibody binding 
The initial binding is weak as Ab and Ag loosely interact by long range electrostatic 
interactions with diffusion limited orientation of the molecules (Fig. 3.3). They form an 
encounter complex held together by hydrophobic associations, which changes shape to 
form the actual Ab-Ag complex. Known as the lock-and key- mechanism the change in 











Strm;tural studies have demonstrated that more specific antibodies have a more rigid 
(lock-like) binding site whereby the interactions with the epitope are dominated by 
electrostatic forces from salt bridges and hydrogen bonds 18. In contrast, antibodies that 
arc more cross-reactive have a more flexible binding site with fewer specific contacts and 
binding interactions are more hydrophobic in nature. Cross-reactivity with Ab that has a 
rigid binding site is also possible however efficient binding would require Ag with a high 
degree of molecular epitope mimicry (be it in amino acid sequences or three dimensional 
structures ). 
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Figure 3.3: Schematic diagram of the stages involved in lhe association of an antibody with an antigen. 












Cross-reactivity is the process by which Ab produced against one Ag binds to another Ag 
with common or structurally similar epitopes. 
3.2.1.3,1 Cross-reactivity of helminths 
Cross-reactivity of helminth Ags between taxonomically related 21 and unrelated 22 
species as well as with allergens have become a concern in research and diagnostic 
analysis. The interrelationship between pathogens inside I host can influence the course 
of infection elicited by either parasite 23. This has been demonstrated with ll. polygyrus, 
which adversely affects the immune response to T. muris 24, Hymenolepis citelli 25 and T 
spiralis 26. Although the basis of this immunological interference is not fully understood, 
a possible explanation is the cross-reactivity of antibodies between species, H. polygyrus 
induced Ab was shown to cross-react with T muris muscle larval Ag 22, Similarly, sera 
from S. obvelata infected mice are known to cross-react to related species, S. mesocriceti 
(hamster pinworm) and 5,'. muris (rat pinworm) as well as produce significantly high Ab 
titers to non-parasitic antigenic stimuli 27. This suggests that S. ohvelata might modulate 
the immune system of the host and therefore affect experimental results 27, 
3.2.1.4 Polyclonal antibodies 
Antigens in general are complex structural molecules that possess several epitopes which 
are recognized by specific receptors on lymphocytes 13, Thus sensitization with any Ag, 
even highly purified will lead to the stimulation of several clones, each recognizing a 
different or partially identical epitope on the same Ag consequently producing polyclonal 
Abs. Polyclonul Abs are easily generated by sensitizing animals with an Ag plus an 
adjuvant to induce large quantities of Ab against the Ag. The antiserum is then tested by 
ELISA to obtain a high titer, which is collected and stored. These Abs are heterogeneous 











3.2.1.4.1 The advantage and application of polydonal nntibodies 
Generating polyclonai Abs is less time consuming with minimum effort from a variety of 
animals. They require simple and readily available equipment and are particularly useful 
lor analysis of denatured protein forms in immunoprecipitation, immunoblotting and 
[~LlSAs. In addition, polyclonal Abs can be raised against synthetic peptides if 
conjugated to appropriate carrier molecules 12. 
3.2.1.5 Generation of monoclonal antibodies (hybridomas) 
The limitation of antiserum as a source of Abs (polyclonal) and obtaining specific 
monoclonal Abs was overcome in 1975 when K6hler and Milstcin 28 succeed cd in 
demonstrating that, when fused with plasma cells from sensitized donors, plasmocytoma 
cells growing in vitro secreted the specific Ab of the plasma cell in addition to its own 13. 
The specific Ab producing hybrid cells derived after fusion of a myeloma (cancerous 
plasma cell) with a plasma cell are called hybridomas. Myeloma cells can readily be 
cultivated and mutant myeloma cell lines incapable of producing Abs are used. As 
illustrated in Figure 3.4, animals are sensitized with an Ag pIllS an adjuvant until a large 
quantity of Abs is produced. The spleen is removed and teased into a single cell 
sLispension which is fused with myeloma cells. The ratio of spleen to myeloma cells is 
largely dependent upon the animal used. In addition, polyethylene glycol (PEG) is added 
to the fusion to promote membrane fusion II. The fusion mixture is then transferred to a 
selective medium containing a combination of hypoxanthine, aminopterin, and thymidine 
(fIAT). Aminopterin, a folic acid antagonist, is a poison that blocks the main pathway for 
the synthesis of pyrimidine and purine in cells 11,13. Myeloma cells therefore die as they 
lack the enzyme that allows their growth in the presence of aminopterin. However spleen 
cells by-pass the pathway required by using the intermediated metabolites provided, 
hypoxanthine and thymidine. Unfused spleen cells die naturalIy within a week or 2, 
resulting in the survival of only the fused hybridomas. Hybridomas having Ab producing 












are further sub-cloned. The clone is immortal and produces monoclonal Ab of a single 
specificity II 









cell fusion partner 
by expans I on 
harvest an d ----! 
prepare . 
spleen cells mix 
~ ! 
fuse and plate 
• add HAT 
• feed 
l 
W'ean off HAT 
clone by 
limiting dilution 
• screen cion es 
! 
expan d and ireez e 







expand and freeze 
positive recloned lines 
• obtain a stai:lle MAb producing 
hybridoma 
cell fusion and 
selection 
screening 
establ ish ment 
cloning by 
limiting dilution 











3.2.1.5.1 Application of monoclonal antibodies 
Monoclonal Abs within a short time has become an invaluable tool in many applications 
including their usage in tissue typing, identification and epidemiological study of 
infectious microorganism, identification of tumor and other surface Ags, classitication of 
leukemias, and the identi1ication of functional populations of different types of T cells. 
Anticipated future uses some of which are already being implemented include; passive 
immunization against infectious agents and toxic drugs, tissue and organ graft protection, 
stimulation of tumor rejection and elimination, manipulation of immune response, 
preparation of more specific and sensitive diagnostic procedures, and delivery of 












Sato et al. were the first to show a humoral immune response to Syphacia ohvelata. To 
optimize the detection of antibody and establish a Syphacia obvelata surveillance 
protocol we aimed to isolate and purify pinworm antigen and generate specific 













3.3 Material and Methods 
3.3.1 Animals 
Mice, wistar rats and a Swiss hare were obtained from the Ysterplaat farm in the Western 
Cape, South Africa and maintained in the animal facility at the University of Cape Town. 
Animals were used for experiments performed in accordance with the guidelines of the 
Animal Ethics Research Board of UCT (Cape Town, South Africa). 
3.3.2 Methods of isolating S. ohveltlttl worms and eggs 
3.3.2.1 Cellophane (Scotch tape) method 2 
Adhesive tape was appl ied to the perianal region of the mouse. Eggs were freed and 
collected by washing the adhesive surface of the tape with either water or salinc. 
3.3.2.2 Lewis and D'Silva's method 3 
Using a rice smear technique to collect eggs from the perianal area, rice grains were 
washed and boiled until the colcoptile areas were soft. The boiling water was drained and 
the rice, following overnight cooling, was smeared onto a glass slide, which was applied 
to the mouse's perianal region. Eggs lodged in the rice smear were examined under a 











3.3.2.3 Stahl's method 4 
The cecum of susceptible mouse strains (lL-1 ,IL-4/13-i -, lL-4Ra-I -) were collected in 
0.65% NaCI (Merck, SA) and incubated in a gauze mesh at the mouth of a conical flask 
for 1-211rs at 37°C. The worms were collected at the bottom of the flask and washed 3 
times in 0.65% NaCI (1500rpm for Smin) before being processed for either eggs or Ag. 
3.3.3 Producing an arbitrary standard 
HALB/c wild type mice (4-Smice/group) were sensitized intraperito cally (i.p.) with 
50JJg/ml Ag (S. obvelata somatic Ag) plus Complete Freund's Adjuvant (CFA). After 21 
days the mice were administered a booster at 50JLg/mi plus Incomplete Freund's adjuvant 
(IFA). The mice were euthanized 35 days post initial sensitization, their serum pooled 
and tested for Ag-specific IgG 1 and IgG2b antibodies respectively. The serum samples 
were diluted 11100 and llsed as an arbitrary standard for Ag specific ELlSAs. 
3.3.4 ELISA 
All ELlSAs were performed as previoLlsly describe in chapter 1 materials and methods. 
3.3.5 Mycoplasma detection ELISA 
Mycoplasma is a common contaminant of ceJl cultures affecting the reliability of 
biological research involved with cultured cells. Its origin can stem from bovine serum, 
laboratory personnel and other already infected cultures. Studies have shown that cell 
cultures are frequently contaminated with up to 30% 29-32 mycoplasma. The organisms 
indllce a variety of effects on the infected cells in culture such as changes in metabolism, 











visible and many mycoplasma contaminants grow slowly and do not destroy host cells 
but do atIect the above mentioned parameters. 
To detect for mycoplasma, 96-well microtitre plates were coated with 240,lll/well of a 
mixture (601'1 each) of 4 species (Mycoplasma arginini, M hyorhinis, Acholeplasma 
laidlmvii and M. orale) of anti-mycoplasma Ab (Roche, Germany) for 2hrs at 37°C. 
[>Iates were then blocked with 250,llllwell blocking solution and incubated for 30min at 
37'1C. Appropriately diluted sample supernatant was then added and incubated OIN at 
4°C. A positive (provided with kit) and negative (sterile media) control was also included. 
Following washing, 240,lll/well of a mixture (60,ll1 each) of the 4 species of anti-
mycoplasma biotinya!yted secondary Ab (Roche, Germany) was added and incubated itJr 
211rs at 3t'C. The plates were again washed and samples developed with 200,lll/well 
streptavidin alkaline phosphatase Ab incubated 1'01'1 hr at 37°C with 200.ul/well alkaline 
phosphate substrate incubated for 30min at RT. The results were visualized at an 
absorbance of 40Snm. Mycoplasma negative was colorless. 
3.3.6 Rabbit polyclonal antibody 
3.3.6.1 Bleeding from the auricular artery 
After restraining the rabbit, fur around the central auricular artery was removed using a 
disposable scalpel (Aesculap, Germany). The exposed area was swabbed with 70% 
ethanol (Merck, SA). Tension was then applied to the ear, so as to insert a 21-G needle, 
attached to a butterfly infusion syringe set (Nipro, USA). The needle was inserted at an 
angel parallel to the artery, ~ 1 Omm into the al1erial lumen, directed towards the base of 
the ear. Gentle aspiration with the syringe allowed for the desired volume to be collected 
in a serum separating tube. The needle was withdrawn and digital pressure applied with a 












3.3.6.2 Protocol for producing polyclonal antibody 
Pre-bled serum samples were obtained from rabbits prior to sensitization, to be used as a 
naYve Ab control for polyclonal Ab analysis. In a 10ml Greiner tube (Greiner bio-one, 
Ccllstar, Germany) a volume of I ml vortexed CFA (dispersed insoluble Mycobacterium 
tuhercLi/osi,." bacilli) was added to I ml of 240,ug/ml S. obvelata Ag in dl-bO. The CFA/Ag 
mixture was vortexed vigorously until a homogeneous, white emulsion was formed. The 
stability, of the emulsion was tested on the surface of cold water, as its ability to hold 
together as a good oil-in-water emulsion. The rabbits were restrained and injected with 
2ml adjuvant/Ag emulsion into 6 subcutaneous sites on their backs (~333Jil/site). The 
first sensitized blood serum samples were obtained 14 days atter the primary 
sensitization. Three weeks following, the first booster was administered (Ag prepared in 
I FA). The rabbits were bled 14 days thereafter (Fig. 3.10A). The second booster 
sensitization was administered 42 days following the primary sensitization, (again, Ag 
prepared in I FA). The rabbits were again bled 14 days thereafter. The rabbits were 
continually bled weekly for polyclonal Abs (Fig. 3.1 OA). 
3.3.6.3 Quantifying the rabbit polyclonal antibody titer 
The 96-well microtitre ELISA plates were coated with 5,ug/ml S. obvelata Ag (Ag/PBS) 
and incubated tor 3hrs at 37°C and/or O/N at 4°C. Plates were then blocked with 2% milk 
powder at 37°C for 3hrs and/or OIN at 4°C. This was followed by the addition of serum 
samples with doubling dilutions starting with 1/1000 and ending with 1/256000 (9 
dilutions). Serum samples were incubated for 1.5hrs at RT. Plates were developed with 
goat anti-rabbit isotype-specific polyclonal alkaline phosphatase labeled Abs (1/5000 
IgG) (Southern Biotechnology Associates, Inc), incubated for Ihr at RT, followed by the 
addition of 50Jtl/well of alkaline phosphate substrate. The absorbance was read between 











3.3.7 Rat monoclonal antibody 
Rats were sensitized lIsing the same procedure as for polyclonal Ab (Fig. 3.IIA). When 
the titer of the desired Ab was high enough the rats were ki lied, their spleens aseptically 
removed and prepared for fusion. 
3.3.7.1 Feeder layer 
A naive Wistar rat was killed by c3rbon dioxide and its spleen aseptically removed. The 
isolated spleen was teased through a 70l'm nylon cell strainer and the cell suspension 
pelleted at 1200rpm for 5min. The pellet was resuspended in 5ml Red Cell Lying l3uffer 
(RCLB), incubated for 5min at RT and underlaycred with 2ml FCS. The cells were spun 
down at 1200rpm for 5min followed by two washes in 40ml DMEM-O at 1200rpm for 
5min. Finally the cells were concentrated at I x I 06/ml and 1001'I/well dispensed into a 96-
well plate. Plates were incubated at 37°C in 5%C02 until the day offusion (~ I week). 
3.3.7.2 Fusion 
Three days before fusion the rat showing the highest specific Ab titer (indirect ELISA) 
was adm inistercd a boost with lOpg of Ag (i.p) resuspended in 200ml of steri Ie PBS. On 
the day, the rat was killed, its spleen aseptically removed and placed in ~30ml of ice-cold 
DMEM/IO%FCS (DMEM-IO). Single cell suspensions were prepared as described for 
the feeder layer except that DMEM-IO was used. After the tinal wash, the cells were 
di luted and counted on a haemocytometer to determine the cell concentration and 











3.3.7.3 Preparing cells 
While spleen cells were washed, myeloma cells (SP2) were separately harvested at 
1500rpm for Smin. Myeloma cells were pooled and resuspended in DMEM before being 
washed thrice in SOml OM EM (ISOOrpm, Smin). Separately spleen and myeloma cells 
were resuspended in IOml complete serum-free DMEM (DMEM-O). The cells were 
counted and their viability checked (100% viability was recommended). The spleen and 
myeloma cells were mixed at a III ratio to a total volume 50ml DMEM-O. The 
suspension was pelleted, then aspirated, to which I ml pre-warmed 50% PEG was 
sterilely added. One drop over a minute was added with gentle stirring. The fused cell 
suspension was gently mixed for another minute before the addition of 2m I OMEM-O at a 
rate of lml/min with gentle stirring. This was followed by the addition of 7ml pre-
warmed complete DMEM-O over 2-3min (macroscopic clumps of cells were visible at 
this point). The suspension was centrifuged at 1500rpm for 5min, the supernatant 
discarded and the fused cells resuspended in 50ml complete DMEM-20/HEPES/pyruvate. 
Finally the cells were washed twice (1500, 5min) before being plated at IOO.uilwell into a 
/lat bottom 96-well plate at a concentrati n of 
incubated at 37"C in 5% CO2 . 
3.3.7.4 Monitor and feed cells 
I 06 total cells/m!. Plates were 
After I day of incubation the cells were checked for obvious clumping and a nearly 
confluent monolayer of viable cells on the bottom. A volume of 100pi complete DMEM-
20iHEPES/pyruvatei HAT per well was added. Cells were then monitored on consecutive 
days fix conlluent growth, half the volume aspirated and an addition of IOO.uJ/well 
DMEM-20/HEPES/pyruvatel HAT added. On day 1 half the volume was aspirated and 
IOOpl complete DMEM-20/HEPES/pyruvate/HT added. Plates were incubated at 3rC in 
5<Yc) CO2 . On day 15 and subsequent, the cells were feed DMEM-20/HEPES/pyruvate 












3.3.7.5 Screening primary hybridoma supernatants 
Growing hybridomas were identified using an inverted microscope (Nikon) and allowed 
to grow (37°C in 5%C02) without feeding for ±2 days (saturated Ab titer), A volume of 
I nOlil was assayed by ELISA to identify positive hybridomas secreting anti-Syphacia 
obvelala Ab. Positive samples were transferred to a new 96-well plate and cells fed 
complete DMEM-20/HEPES/pyruvate. 
3.3.7.6 Establishment of hybridoma lines 
Connuent hybridomas were expanded to 24-well plates. The initial clones (96-well 
master plate) were resuspended in 150J-l1 complete DMEM-20/HEPES/pyruvate and 
incubated at 37°C in 5%C02. To the 24-well clones Iml of complete DMEM-
20/HEPES/pyruvate was added and the plates incubated tor 2-3 days (37(\~ in 5%C02). 
After the cells were 25% to 50% conlluent they were cloned by limiting dilution. The 
remaining hybridomas were pelleted (1500rpm for 5min), frozen and stored at 
-80llC/l iq u id 11 itrogen. 
3.3.7.7 Cloning by limiting dilution 
Candidate hybridomas identified by ELISA were further cloned by limiting dilution to 
obtain a single cell producing only a single Ab (monoclonal antibody). 
Candidate hybridoma lines were counted and their viability assessed llSll1g a 
haemocytometer. Ten milliliters of cells at 50 viable cells/ml and 10ml at 5 viable 
cells/ml were prepared in complete DMEM-20/HEPES/pyruvate. The cells were plated in 
a 96-well plate at 200IlI/well and incubated for 7 to 10 days in a humidified incubator 
(37°C in 5%C02). Wells with optimal monoclonal growth were inspected with an 
inverted microscope and mOl1oclonality identHied by tight single clusters of cells. More 











clustered wells were screened by ELISA using supernatant from the original hybridoma 
as a positive control. The desired clones identified were expanded, frozen and stored at 
-80°C/liquid nitrogen. The hybridomas suspected of producing monoclonal antibody 
(MAb) were plated a second time in a 96-well at 0.3 cells/well (60 viable cells in 40ml 
media). The previolls steps were then repeated with the resulting monoclonal growth 
inspected for single clusters, assayed by ELISA, expanded, frozen and stored. Positive 
monoclonal hybridomas were weaned to complete DMEM-IO/HEPES/pyruvate to 
establish a stable cell line. 
3.3.8 Growing hybridomas for purification 
Samples thawed on ice were added to 25ml DMEM. The suspension was then centrifuged 
at 1200rpm for I Omin. The supernatant discarded, and pellet resuspended in 1.5ml media. 
Suspended hybridoma cell lines were serially diluted in 24-well plates and incubated at 
37"C in 5%C02 . Alter proliferating cells reached conrluency (turns yellow) they were 
transferred to a small flask then medium flask and finally a triple flask. Large volumes of 
supernatant containing the Ab of choice were pooled tor purification. 
3.3.8.1 Purifying antibodies 
Protein G is a bacterial cell wall protein. It is isolated from group G streptococci and 
hinds most mammalian immunoglobulins through their Fe regions 33. It is this unique 
property of the protein that is used in affinity chromatography to purify mammalian 
monoclonal and polyclonal antibodies B. 
3.3.8.1.1 Preparing the protein G-column 
Befixc prepanng the protein-G sepharose (Amersham Pharmacia, Sweden) the glass 
column apparatus was washed (dl-hO, 70% ethanol, dlhO) and gas sterilized. The 












solution containing 20% ethanol was slowly dispensed along the side of the chamber 
using a glass pipette to eliminate any bubbles fi'om forming. The gel was allowed to 
settle, the bottom unplugged to drain the fluid and allow further settling of the sepharose 
gel. Finally the column was washed with 20% ethanol, followed by 150ml 1 x PBS before 
being standardized to run at 1 ml/minute. 
3.3.8.1.2 Purifying and selecting IgG isotype antibody on a protein-G Sepharosc 
column 
One liter of the supernatant containing the Ab was run at 4°C O/N. The column was then 
washed with 150ml I xPBS and the Ab eluted with 30m I of 0.1 M Citric acid (pH 2.4) into 
30 eppendorf tubes containing SOpl of 2M Tris buffer. The aliquots were mixed and their 
concentrations calculated (Absorbance at 280nm x dilution factorllgG factor, 1.38). 'rhe 
aliquots with the highest Ab titers were pooled, dialyzed (> 12000 Mw, Sigma). filtered 
(O.2,um, Millipore) and finally concentrated for storage (-80°C). 
The column was rinsed with 150ml 1 xPBS followed by 20% ethanol. 
3.3.9. Denaturing (SDS) discontinuous gel electrophoresis 
One-dimensional gel electrophoresis under denaturing conditions (i.e. in the presence of 
0.1 % SDS) separates proteins based on the molecular size as they move through a 
polyacrylamide gel matrix within an electric tield. The strong negative polarity of sodium 
dodecyl sulfate (SDS) allows all the sample proteins to be approximately equal in 
negative charge. The polyacylamide gel consists of a separating gel topped with a 
stacking and secured in an electrophoresis apparatus. After sample proteins are 
solubilized by boiling (to linearize protein structure) in the presence of SOS, an aliquot of 
the protein solution is applied to a gel lane, and the individual proteins are separated 
electrophorctically. A molecular weight marker electrophoresed with the protein solution 












3.3.9.1 Separating gel 
The two glass plates and two 0.75mm spacers of the electrophoresis (sandwich) apparatus 
(Bin-Rad, LJSA) were cleaned with 70% ethanol before being assembled. In a 50ml 
Greiner tube an II % separating gel (9.9ml 30% acrylamidelO.S(Yobisacrylamide, 6.75ml 
4x TrisCIISDS, pHS.S, 125,,1 lO%w/v AMPS, H)pl TEMED and I 0.35ml dl~bO) was 
prepared and poured :Yt to the top of the assembled sandwich apparatus. The remaining 
space was topped with l-hO-saturated isobutyl alcohol or 2-propanol (Merck, SA) to 
ensure a uniform polymerization of the separating gel CRT for an hour). 
3.3.9.2 Stacking gel 
The lbO-saturated isobutyl alcohol (2-propanol) was poured off the polymerized 
separating gel, which was then rinsed with 1 xTrisCIISDS pH8.8 buffer (residual isobutyl 
alcohol can reduce resolution of the protein bands). In a 15ml Greiner tube a stacking gel 
\vas prepared (IAml 30% acrylamidel O.8%bisacrylamide, 2.0ml stacking gel, 25,,1 
10%w/v AMPS, 50pl TEMED and 4.6ml dIbO) and poured to about 1 em from the top of 
the assembled sandwich apparatus. This was followed by the insertion of a 0.75mm 
Teflon cornb into the layer of tacking gel solution. The solution was allowed to 
polymerize at RT for an hour. 
3.3.9.3 Snmple prepnration 
Samples at an appropriate concentration and mixed with loading dye were boiled to 
remove endogenous proteases that are very active in the loading buffer prior to boil ing. 
Also the tertiary and quarterary protein structures linearize allowing the highly negative 











3.3.9.4 Sample loading and gel electrophoresis 
The comb was carefully removed and lanes washed with 1 xSDS running buffer. The gel 
sandwich apparatus was attached to the upper buffer chamber and placed in the t xSDS 
running bufler filled lower buffer chamber. The upper buffer chamber was pa!1ially filled 
with I xSDS running buffer prior to loading the 10-50,111 protein sample aliquots. The 
upper chamber was then completely filled with running buffer and electorphoresed at 
20m A for 4-5hrs (large gel) or 400mA for 1 hI' (small gel) under cooling. 
Protein sizes (kDa) were calculated by comparison to the rate of migration of a 
recombinant protein molecular weight marker (Rainbow marker, Bio-Rad, USA). A 
volume of 5-1 Opl rainbow molecular marker was loaded per reaction (appendix B). 
3.3.1 0 Immunoblotting and immunodetection (Western blot) 
3.3.10.1 Assembling of the irnmunoblot sandwich 
On completion of electrophoresis, the gel sandwich was disassembled, the stacking gel 
was removed and the separating gel trimmed (removed excess gel). This was followed by 
the assembly of the horizontal transfer sandwich cassette, placed sponge, followed by a 
sheet of filter paper cut to the same size as the gel, and pre-wet with transfer buffer 
(3.02g/L Tris, 14.4g/L glycine, 20%) methanol) onto the anode inside the transfer tank. 
The nitrocellulose transfer membrane (Hybond-ECL, Amersham, Bioscience, UK) was 
placed onto the filter paper and air bubbles expelled. The surface of the gel was 
moistened with transfer hufter and placed onto the nitrocellulose membrane followed by 
the removal of air bubbles still remaining. Another piece of tilter paper was added, then 
sponge, followed by the cathode to complete the horizontal transfer sandwich cassette 
assembly. The sandwich was placed into a transter tank filled with transfer buffer. 
Proteins were electrophoretically transferred from gel to nitrocellulose membrane OIN at 











3.3.10.2 Visualization of S. obvelata protein 
Following the completion of the electophoretic protein transfer, the nitrocellulose blot 
was trimmed and then blocked in 2% milk powder at RT for 1 hr with constant agitation 
on a rocking platform (Gyro-rocker-STR 9, Stuart, UK). The blot was washed 5 times 
over a 25min span (5min washing intervals), followed by the addition of )/1000 primary 
Ab solution (anti-8.obvelata antibody). After a 2hr incubation at RT on a rocker the blot 
was washed as before and 1/1000 goat anti-Ig (anti-mouse IgM, IgG, IgG I, 19G2a, 
IgG2b, IgA, IgE) secondary alkaline phosphatase Ab added. The 2nd Ab was incubated 
ror 1-2hr at RT on a rocker, the blot was washed and the protein visualized by the 













3.4.1 Establishing an indirect pinworm specific ELISA 
Although less sensitive than a sandwich EUSA, the indirect EUSA is easy and simple to 
establish. To evaluate the optimal coating concentration for detecting mouse anti-S 
obveiata Ab we assayed pinworm infected serum against five Ag concentrations. Wells 
coated with 5;lg/ml showed a lOOO-fold increased binding sensitivity when compared to 
concentrations lower or higher respectively (Fig. 3.6A and B). Hence, 5jig/ml coating 
concentration was used as the standard for S. ohvelata endpoint titrations. 
3.4.2 Preparing hyper-immune serum 
To simplify the quantification of anti-So ohvelata Ab, we generated hyper-immune serum 
to reference the Ab levels of infected mice. BALB/c mice were sensitized 
intraperitoneally lIsing 50pg/ml plus CFA, as demonstrated in Fig. 3.7 A. In response, 
HALB/c mice elicited elevated IgG I (Fig. 3.7B) and IgG2b (Fig. 3.7C) isotype 
antibodies. Sera from infected mice were pooled, diluted 11100 and used as a positive 


































































































Figun~ 3.5: An end-point titration to determine a standard S ohvelata coating concentration. Soluble 
pinworm Ag was diluted to variolls (A) low (0.5. I and 5,ug/ml) and (8) high concentrations (50 and 
100pg/ml) and analyzed by an indirect ELISA for the optimal coating sensitivty against parasite-specific 
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Figure 3.6: Anti-S. ohl'elala hyper-immune serum was generated in BALB/c mice for use as positive 
control and arbitrary standard. (A) Sensitization protocol for generating anti-So obve!ata IgO 1 (R) and 











3.4.3 Analyzing the cross-reactivity of anti-So obve/ata serum 
against antigen of other research parasites 
Adventitious infections skew immune responses and induce false experiment results. To 
rapidly and correctly identify S. obvelata for eradication we determine the specificity of 
mouse anti-Syphacia obvelata polyclonal serum (SOPS) by analyzing its cross-reactivity 
with Ag of common Iy lIsed research parasites and ovalbumin allergen. ELISA plates 
coated with 5,llg/ml Anisakis pegrefJii, Ascaris lumbricoides, Trichuris muris (somatic 
and excretory/secretory), Nippostrongylus brasiliensis, Leishmania major, Schistosoma 
mansoni, and Ova Ag respectively were assayed for specific-lgG l-and-lgG2b isotype 
Ab. Anti-SOPS antibody significantly cross-reacted with A. pegrefJii (Fig. 3.8e) and N. 
brasiliensis (Fig. 3.8B) homogenates' showing elevated JgG isotype responses. This 
reaction was less detectable against A. lumbricoides (Fig. 3.80), T muris (somatic, Fig. 
3.8E and excretory/secretory, Fig. 3.8F), L. major (Fig. 3.8G), S. mansoni (Fig. 3.8H) and 
Ova (Fig. 3.81) homogenates with low Ab titers similar to na'lve serum as measured by 
the indirect ELISA. The isotype Ab responses against S. obvelata Ag (5,ug/ml) were used 
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Figure 3.7: Cross-reactivity of anti-S. ohvelata serum against Ag of other research parasites. Worm 
homogenates of ,'l)Jphacia ohvelata (A), N. hrasiliensis (B), A. pegre.tfii (C), A. /umbricoides (D), T muris 
somatic (E) and excretory/secretory (F), , L. mqjor (G), S. mallsoni (H) and ovalbumin (I), were assayed 













3.4.4 The efficacy of anti-So ohve/ata polyclonal antibody in an 
ELISA 
Sera from rabbits sensitized to S. ohvelata antigen was collected weekly, pooled and 
assayed in an indirect ELISA. The concentration of the rabbit anti-So obvelala polyclonal 
sera (SOPS) was not initially determined. Jnstead serial dilutions of 1170, 1/140 and J/700 
were prepared in P8S and assayed in an end-point titration ELISA. Figure 3.1 OC, firstly 
demonstrates that the S. obvelata sensitization worked and that anti-SOPS recognized and 
bound S. obvelata antigen equally as efficient as mouse polyclonal Ab (Fig. 3.108). 
Secondly, the figure shows that sera diluted \1700 was sufficient to bind 5,tJg/ml of 
pinworm antigen. The sera from mammals are abundant in different proteins that are all 
specialized to perform different functions, including inhibition and/or degradation 
(proteases) of other proteins. As a result, proteases abundant at the higher concentrations 
of our 1170 and 11140 diluted anti-pinworm serum either degraded or diluted the rabbit 
sera allowing the higher concentrations to bind 51lg/ml of pinworm antigen similarly to 
the lower concentration of 11700 (Fig. 3.1 OC). Rabbit anti-SOPS in combination with 
5pg/ml,)'. obvelata Ag reactedl04-fold more sensitive against anti-So obvelata IgGl (Fig. 
3.1(0) and JgG2b (Fig. 3.IOE) than any lower concentration. Na'ive mouse serum was 
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Figure 3.8: Rabbit anti-SOPS antibody is an effective diagnostic tool for detecting pinworm. (A) 
Sensitization protocol. An indirect ELISA showing the sensitivity of detecting pinworm Ag using mouse 
(8) and rabbit (C) anti -pinworm sera. A dilution of 11700 rabbit anti-S obvelata polyclonal Ab was 
sufficient in detecting 5,uglml S obvelata Ag. A dilution of 11140 rabbit-anti-S obvelata polyclonal Ab 
used as capture Ag in a sandwich ELISA proved significantly effective in detecting IgG 1 (D) and IgG2b 











3.4.5 The efficacy of anti-S.obve/(ltll monoclonal antibody in an 
ELISA 
'ro increase the assay speciticity we further modified our sandwich ELISA by introducing 
a rat anti-So obvelata monoclonal coating Ab. Monoclonal antibodies produced were 
isolated, screened and purified before being analyzed for their binding sensitivity and 
specificity. Unfortunately, only one clone survived (4A4.3) producing MAb which 
rcacted strongly against 5,ug/ml S. obvelata Ag in an indirect ELISA (Fig. 3.118). The 
monoclonal antibody also cross-reacted against 5Jlg/ml T muris, N. brasiliensis, L. m(~jor 
and S. mansoni antigen (Fig. 3.11 C). In addition, 4A4.3 as a capture Ab used in 
combination with parasite Ag in a sandwich ELISA proved unsuccessful as the 
monoclonal non-specific bound conjugated anti-mouse IgG antibody. 
3.4.6 Antigenicity of S. obve/(,t(l somatic antigen 
To identi fy the antigenic proteins of the S. obvelata somatic Ag to 6 Ab isotypes, hyper-
immune sera (mouse anti-SOPS) from infected BAUVc mice were analyzed by 
immunoblotting. Immunogiobulin-(/g)M (lane 1) the initial Ab response induced upon 
infection recognized 5 Ags of 51, 53, 54, 56 and 57 kDA respectively. These bands were 
also visualized with IgG (lane 2). Nevel1heless, IgG and its subclasses (IgG I, lane 3; 
IgG2b, lane 4) strongly precipitated 4 indistinguishable proteins of 65, 64, 60 and 58 
kDa. IgE, despite making up only a minute percentage of the Ab pool also reacted to the 
4 high molecular weight proteins. Serum IgA (lane 6), showed no reaction to ,<,'. obvelata 
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Figure 3.9: Production and analysis of monoclonal rat anti-S obvelata antibody. (A) Sensitization protocol 
for generating rat anti-S obvelata monoclonal Ab. (8) Reaction of 4A4.3 against S obvelata. Ag (C) 
Cross-reactivity of 4A4.3 monoclonal antibody against 5,ug1ml T muris, N. brasiliensis, L. major and S 












D iugnosf ic unai.vsis 











IgG JgGl IgG2b IgE IgA 
Figure 3.1 0: Antigenic protein profile of the Ags derived from S. obvelata in response to immunoglobulin 
isotypes. An amount of 10,ug S. obvelata extract was separate electrophoretically on a 11 % polyacrylamide 
gel. The separated proteins were transferred via an electric current to nitrocellulose paper before being 
bound by anti-pinworm isotype antibody and visualized by the chromogenic substrate, BCIPINBT. (I), 












Genetically engineered mice such as the cell-specil1c 'knock-outs' are the latest in the 
rapid advance of biotechnology and our quest as researchers in understanding and 
controlling the immune system. Their response to infection and disease can be 
unpreuictable, adding to the already overwhelming problem of overcrowding and 
unwanted adventitious pathogens. It is important to emphasize the control and 
eradication of adventitious infections, as global exchange of animals and animal products 
increase among laboratories I. A Ithough some of these parasites provoke overt disease, 
most calise subclinical infections that can, nonetheless, significantly alter research results 
In an approach to detect, control and eliminate S. obvelata infection we compared 3 
isolation prolOcols. Using the cellophane tape and Lewis and I)'Silva's methods 3 we 
acquired low egg numbers and a mixture of S. ohvelata and A:-.piculuris letraptera 
pinworm species. Stahl's method 4, by directly isolating worms from their site of 
maturation (cecum) provided a pure species population of S. obvelata and su meient eggs 
for our infectiolls study. Although large numbers of infected mice were required using 
this method, and we cannot completely guarantee that a low A. tetraptera contamination 
did not occur, Stahl's method proved optimal. 
Next we developed a pinworm-specific ELISA with an optimal coating concentration of 
5pg/ml S obvelata whole extract. Coating concentrations lower (I and 5,ag/ml) and 
higher (50 and IOOpg/ml) in an end-point titration ELISA showed a decreased binding 
sensitivity to the optimal. The assay was standardized with an arbitrary standard of hyper-
immune sera for quantifying Ab isotype responses in experimental infections. Although 
the hyper-immune sera (mouse anti-SOPS) had only been induced in BALB/c mice, the 
increased parasite-specific IgG isotype specificity allowed serological detection lor all 
mOllse strains. Previous studies by others have shown cross-reactivity of anti-,S'. ohvelata 











not A:~piculuris asiatica (Mongolian gerbils pinworm) 27, We report cross-reactivity with 
A. pegr41ii and N: brasiliensis somatic Ag suggesting that common epitopes are shared 
by these Gt nematode parasites. This was confirmed by immunoblotting (data not 
shown). The anti-So ohvelata polyclonal serum (SOPS) showed no reaction against 
parasite Ag of A. lumbricoides, T muris (somatic and excretory/secretory), L major and 
S. manson! as well as to the food allergen, ovalbumin. However, with the exception of S. 
ohvelata, the coating concentration of 5,ug/ml A. pegrefJii, A. /umbricoides, T muris 
(somatic and excretory/secretory), N. brasiliensis,L. major, S. mansoni, and Ova Ag was 
not analyzed against various concentrations of anti-SOPS. As a result, the cross-reactivity 
of anti-SOPS may still be a limiting factor. 
Limiting to the use of serology is the early detection of an Ab response, usually requiring 
one or more weeks after infection 16. The delay can be devastating in an animal facility, 
as the rapid spread of S. obvelala, may alter experiments in mice concomitantly infected 
with the GJ nematode 27,34. To avoid such an outbreak, we increased our ELISA's 
sensitivity by developing rabbit anti-SOPS Ab. In a sandwich ELlSA, capturing 
polyclonaJ Ab diluted 11140 and used in combination with 5,ug/ml S. obvelata Ag proved 
ideal in detected mice that had been exposed to pinworm. Comparatively, the direct assay 
reduced non-specific binding and showed an increased sensitivity allowing early 
detection of low concentrations of infected parasite serum. Rabbits were used to produce 
high Ab titers and reduce cross-reactivity (rabbit versus mouse Ab). 
Continuing with the objective of developing a sustainable ELISA with the potential of 
becoming commercial we generated 66 successful monoclonal hybridomas against anti-S 
obvelatu somatic Ag. Unfortunately only one clone survived and the exact reason for all 
hybridoma death remains unknown. One possible explanation could be the inadequate 
preparation of hybriciol11a clones for storage (-80()e/liquid nitrogen), Nevertheless, MAb 
4A4.3, an IgG isotype Ab reacted well against S. obvelatu Ag in an indirect ELISA (Fig. 
3.11 B). The MAb however is a poor serodiagnostic tool albeit possible for detecting 











parasite Ags (Fig. 3.11 C) and cannot be used in a sandwich ELISA as it also cross-reacts 
with conjugated anti-mouse Ab. 
Alternatively we identified individual Ags to improve our ELISA. Four dominant bands 
of 65, 64, 60 and 58 kDa were observed by immunoblotting. The high molecular weight 
proteins which reacted with resistant BA LB/c polyclonal serum, suggest that these 
molecules are recognized by the host's immune system upon S. ohvelata infection. 
Consequently, the development of monoclonal Ab against these molecules could provide 
hettcr serodiagnostic candidates. The 65 kDa protein have previously been identified by 
others 27. In their study, the authors visualized the antigenic protein 26 days postinfcction 
as it reacted with S. ohvelata-specitic IgG. In our study, we reiterated their findings of Ab 
reactivity but not time (a parameter not investigated by us) and further demonstrated that 
the response extends to the 19G subclasses as well as JgE Ab. 
From the described results, we have developed an improved EUSA system for detecting 
a pinworm infection and quantifying the induced Ab response. Used in combination with 
a scntinel program, which allow for the screening of small susceptible mouse groups, the 
anti-S obvelata ELI SA provides an effective method in preventing an outbreak. 
Moreover, we recognizcd favorably serodiagnostic candidate proteins for future analysis. 
Monoclonal antibodies generated against these targets for detecting pinworm will 
potentially increase sensitivity and specificity reducing the cross-reactivity of serum Ab. 
It should be noted that further rcfinement to the ELISA could be achieved by dcsigning a 
kinetic S ohvelata expcriment in mice infected with different inoculums of eggs. In our 
study, wc showed that mice infected with 500 pinworm eggs elicited a specific antibody 
response above a threshold absorbance of O. J for JgG 1 and 0.2 for IgG2b as observed 
against serum from uninfected mice. Although we could detect the presence of S 
o/Jvelata antigen as early as 7 (lgG I in HALB/c mice) and 14 (lgG2b in lL-4Rc/- mice) 
days postinfection, a dose of 500 eggs is an exaggerated amount for the inoculum needed 
to infect mice. The advantage of using various egg inoculums in a kinetic would allow us 











natural infection (low dose) most likely encountered by animals hOLlsed 111 a barrier 
faci Iity. 
Pinworm is a concern of both breeding and experimental animals housed in research 
nlcililies. Although animals are routinely tested for adventitious infections, the rapidity 
with which pinworm spread makes it an extremely dangerous parasite. This is 
emphasized in oLlr study, as we demonstrated that the 01 nematode induces a Tll2-type 
immune response (Chapter I) and non-specincally influence the cytokine production in an 
allergy experiment (Chapter II). 
Sentinel programs, which allow for the screening of small susceptible mouse groups, 
work well in detecting adventitious pathogens such as bacteria, viruses, protozoa and 
helminths (pinworm). Tests are done regularly but with a 3month or 6month interval 
which might be too late for early detection of pinworm. Using the pinworm-specific 
ELISA we established, sentinel mice as well as randomly chosen mice 11-om stocks and 
[heir off-spring are routinely screened for anti-So obvelata antibody. Mice which test 
positive in the ELISA are removed from their killed and their intestine examined 
lor worms. If confirmed positive by the presence of worms, all mice within the cage arc 
killed and discarded. It is highly likely that if one mouse is infected, all mice maintained 
in the same cage are infected. The spread of infection is kept to a minimum by using 
individually-ventilated cages (lyes) providing a sterl Ie environment within the cage 
which is independent from neighboring cages and the surrounding room. 
(fthe mice arc important such as breeding stock, and discarding them is not an option, the 
mice may be quarantined and treated for pinworm. It would be advised to use only 172 
generation mice aller treatment because IgO antibodies do pass from mother to child. 
Although i1 is dependent on the severity of the parents' pinworm infection there is a 
possibility that the F I generation might still have circulating anti-S obvelata IgO 











Mice that are house in other facilities or imported should be housed in quarantine for 3 
months. They may be tested for adventitious pathogens such as pinworm but should be 
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Conclusion 
Tn this study, we showed for the first time the Th-type 2 immune response induced by 
S ohvelala, the mouse Gl nematode. Resistance was predominately fL-13-dependent 
with a minor role fi..)r ItA in the expulsion of S. ohvelata worms. We reiterate what 
others have shown that S. ohvelata is a potential threat to experimental research 
influencing most animals kept within conventional facilities. The pervasive parasite 
induced a non-protective immune response to ovalbumin-induced anaphylaxis and 
produce antigens that are both cytotoxic and inhibitory to host cells. Nevertheless, 














An interesting finding was the complete resistance observed in naturally infected 
1 29/Sv mouse strains. Mice experimental intected with 500eggs and analyzed 35 days 
later similarly controlled the infection. Contrasting to the resistant BALB/c and 
C57BLl6 mouse strains, no worms were recovered from the cecum of 1 29/Sv mice. 
Two possibilities would need to be investigated. Firstly, in a kinetic experiment we 
have to determine whether this strain rapidly expel the 01 nematode, and/or secondly 
whether the mice are completely resistant to reinfection which we believe accounts 
Ji)r the low worm burden observed later during infection in BALB/c and C57BLl6 
mIce. 
S', ohvelata infection of cell-specitic IL-4Ra·l . mice demonstrated that 1L-4 and lL-13 
signaling on macrophages, T cells (only IL-4 signaling, no response to IL-13 in mice) 
and smooth muscle cells are not required for pinworm expulsion. Identifying the 
dominate cells involved will help unravel the mechanism(s) employed by the host to 
de/end itself from OI nematodes. We have recently acquired epithelial cell specific 
IL-4Ra·l. mice, which we will analyze in our 5', obvelata infectious model. Epithelial 
cells have been shown to play an important role early in the expUlsion of T muris. 
To further optimize the specificity, sensitivity, and develop a reproducibly sustainable 
ELISA we will aim to isolate, purify and concentrate the four molecules (65, 64,60, 
58kOa) identified in our Western blot against S', obvelata antigen. From these, 
monoclonal antibodies will be generated Jar use as diagnostic tools and further 
characterize the molecules. 
S~)Jphacia ohvelata antigen was shown to be both inhibitory and cytotoxic. However, 
further investigation is required to elucidate the modulatory eftect which could 













1 %) Hel in 70% ethanol 
301% acrylamidc I 0.8% hisacrylamide 
30gl1 OOml Acrylamide 
O.8g/IOOml Bisacrylamide 
IOOml dJhO 
Mix and /ilter solution through a 0.45,um filter 
Store at 4°C up to I month 





Anaket-V (lOOmg/mJ) (Centaur labs, Isando) 
Rompun (2%) (Bayer, Germany) 
PBS (1 x) 
Filter sterile and store in dark at 4°C 
Blocking Buffer 
40g ~ Alternatively: 2% 20g Milk Powder 
0.02% NaN, 0.2g 
1 x PBS J OOmi of lOx PBS 
Make up to 1 L and store at 4°C 
Blocking serum 












0.02% NaN3 0.2g 
I PBS 





Make up to I L and store at RT 
C:unoy's fluid 
60% Ethanol (100%) 
30%1 Chloroform 
10% Glacial acetic acid 
Store at room temperature 
Concanavalin A 
Reconstitute stock of Smg into 5ml sterile PBS (lmg/ml) 
Store as 1001'1 aliquots at -20°C 
Dilution Buffer 
1%) I3SA 109 
OJ)2%NaN3 O.2g 
1 x PBS 












1 .; '\ {. 
Dilution huffer for mMCP-J 
20ml PBS (10x) 
8g BSA 
dlhO 
Make up to 200ml Store at 4°C 
Uiscomhes stain 
1 ami Acetone 
10mI 1 % Eosin 
80ml &hO 
3ml O.lM EDTA 
Store at Room temperature 
DMEM 
1 tube powdered medium 
10% FCS 
3.7g NaHC03 
5ml Penicillin/Streptomycin 200x 
Then make up to 1 L 






















Non-essential amino acids (stock: 100x) 
Then make up to 1 L 
Filter sterilise and store at 4°e 
DMEM-20-HA T 
I :50 HAT (reconstituted stock in lOml media) 
Filter sterilise and store at 4°e 
lschove's media (lMDM) 






Make up to IL with dHzO, filter sterile and store at 4°e 












Working stock: 200mM 
Use 1% in medium 
Store at --18°C 









Reconstitute stock of 1 mg into 1 m1 sterile PBS (1 mg/ml) 
Store as lOO,ul aliquots at _20DC 
o-Phenyienediamine (OPD) 
3g/L OPD 
330,ul H20 2 
1 L Tris Triton 











I~.A.S stain (Schiff's reagent) 
Dissolve 1 g paraosaniline in 200mi dlhO (boiling) in a stopped flask; 
Shake for 5min and allow to cool (50°C) filter, then add 20m] HCI; 
Allow to cool further (2S0C) and add 19 sodium or potassium metabisulphite; 
Store OIN (18-24hrs) in the dark followed by the addition of 2g activated charcoal 
and 1 min shaking. Filter Store in dark (0-4 °C) 










For tissue culture autoclave 
For anything else - filter sterile 
For use dilute stock 1 in to (1 x PBS) 







Store at 4"C 
NaHCOj 
ddllzO 
















Prepare fresh, melt and mix; 
PEG 4000 solution with DMEM-O (50% w/v) at 56°C 
Filter mixture through a 0.22prn filter and add Dimethylsulfoxyde (DMSO) at a 6:1 
ratio (PEG 50%:DMSO) 







Use diluted 1125 
RPMI medium 1640 




























Alkaline phosphate buffer (Substrate buffer) 
(Dilute your substrate in this buffer) 
0.2g NaN] 
971111 di-ethanolamine (liquefy in water bath) 
0.8g MgCh.6H20 
Add 700ml H20 
Adjust the pH to 9.8 with HCl 
Then make up to 1 L and store at 4°C 
Substrate for mMCP-l 
Mix equal volumes of: 
Peroxidase Solution A and; 








Store at 4°C before use 












57.1 glacial acetic acid 
100ml O.SM EDTA 
Make up to 1 L with dd IhO 














Filter solution through a 0.45~m filter before adding 
SDS O.4gll OOml 
Store at 4°C up to I month 
4x Tris'CI/SDS, pH 8.8 
Dissolve, 
182g/I, Tris base 
lL dfbO 
pH 8.8 













Store at 4°C up to 1 month 
Make up to 1 L with dd fhO 
Trypan blue dye 
0.4% Trypan blue solution 
0.81 % sodium chloride 
0.06% potassium phosphate 





SOml Tween 20 
100mi 10%NaN3 
Make up to 5L with dd H20 
Washing Buffer 
20ml PBS (lOx) 
0.5ml Twecn-20 
Ix PBS 
Make up to 1 L and store at RT 











J NBTIBCIP tablets 
[Omi dIhO 
Vortex to completely dissolve. 
Store tablet at 2-SoC 
Secondary Antibody for western blot 
150pl normal mouse serum 
50pJ biotinylated IgG 
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